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FD.ORD

A number of pnoplo havn oooporatod in thE roanarch reported here and
it would ho dA.fflault to aooin noln orodit or roaponuibility for any part
of the work to any one of tholi. I1owovor, thuro han of oourse boon division
o' Labor acoordin to tho spooial qualifioationo and intoreoto of each.

P'rofosuor 'L, C. Davis carriod most of the load whort kn iowl-f
physjolo vcal rnnponsoo and mothods of rooording and oxporimonting upon
thowx, wa.9 nnrsn'ary. '1itw vtattotical knowlodgi I Dr, 0a Js Burko was
app.iod to i., duuign of major oxporimonto and tho loss roting analyses
of r,:.svidt. Dr. J, J, Saltzman organizod and diroctod much of the actual
iVxpvrimcnWition. Captain D. L. Kooktn, chaixman of tho Indiana University
DLpartirnt of Polic, Adninistrations applilod his oxporionco and knowlodgo
of -ii d, tk,ction as it is prac iood to kuop the foot of the ru t of us
soirowhoro, near thu ground, Most of thu daily grind of ru-ning subjucts;
ca>librating apparatus, and othur nooussary routinou of roauarch full to
four graduat,. stud%.nts, Richard tkinson, Harry 14adison, Stanley Ratner,
and Marvin Dottunbol,

No Ions important is the work of thu data analysis staff, too large to
mantion individually, whose dotailud worik of mcasuring thousands of responsos
and manipulating still more thousands of numbers is reprosentod (in one
soncu, inadoquatcly) by a few summary tablos and graphs.

't1 nonntruction of the cectronic equipment for those studios has
buon thc work of the Eltetronics Departmnut of Indiana University. The
3olution of mny of tho technical problums encountorcd has come from
I . U. F. Siddons and ix, Gerald Stout of that department, and the basis
dosifn of sornt. of the instruments was dovolopod by them.

'rho last of tho indiana Untvorsity stvaf .-Vt b-uu mntiond is
*. Varinia .rren, who wont far beyond routino roquiroonts in pruparing

this rcport for reproduction,

Two groups outside Indiana University contributed to this research.
f. W., r A W "

as incicatvrs ofdopto' crIe oUtyDr*Jcs ..
Mr Ernust Mvyrs of thQ Dupartricnt of Psychology, University of Kentucky.
OWier --xploratofy investigations which hav not boon roported weru don by
Dr. William A. Livingston at tho Dupartmont of Psychology, Butler Univrsity#
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Project Dir.ctor
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INTRIODUCIIO

The C-im of this roaaarah hati been to iflveatigcato toolhniques for the
datection of docepioti iii which the coritribubion of iho human operator -%,.
the adxIttitratioi oi qiioatlona and tho iritarpratation of r'eponseo records
it) roduoud 6o a ki.iium and ro'poatable rautdro AD tar an possei1l these
tecohniquou of IadmiiLnbr'ittiofl wtirij noluotoct in ouha way that tho rolovant
moaijuros of tho r,-ivponus_,n of tho prnonu I ing uxmineid oauld bo. oonvortod
to unavW'Iiur, nt.oun mind analytiod aingly or in oombination by availab) a
typos or automatic liqtuiprmnt, WJhon thia ia dona it In ponsiblo to Morasuru
the sticsv olf dvtoc tor, of duooption which in attributablu to the tcschniquos
rathor Uiaa to thu unlqtu okll3s of' th partioular oportora who interpret
bio rue orchi.

Thui r,,starch han not buun limte;d to thuo moru or Liss "sitandard"
rosponso var Laba uo r'ucordod by thu tsuvura2. varlotioai ot Polygraph now in usui
thu phynoioi~icn3 and p~ychologioal rusQLorah lituraturu and othor sourcon.
havo boor, )xaminod for suggontiona of othor pronising rosponso variablos,
iacluding ijviy WWich wure unimovan or u nmaourablu 20 or 30 yours ago when
most of th ori gjnal reaenro-h on "'lie dotootion" waa being porformend, Thic
broadeninp- of the invostigation togethor with the roqwirarnont that reaponse
measures be objective produ~ces a tromondous incroaso in the number of
variaulea which migit be investibgatodo bi mhe an that only a sample (but
a known orne) of possible response variables can be examined. Strictly
s~peaking, 'wherefore, negative results in. the pronant study would mean only
that the, particular sample of variables uxaminod was not useful for the
detcoctib: ot docoption and wo'~ld not imply that othor variabl.es uxamined
with the dotail roquirod for objectiv-ity would bo ineffective. Positivo
rosulta, of courso, apply only to tho spocific variables included in the
validating uxporimonts,

Mho s(,loction of variablovs invustigated on the final experiments of tho
pr(.sun' ,,tudy was basad on tho examination of reports of provious work,
supp4. eted by a number of exploratory studicis designed to provido addi-
tional. information concorning operating tachniquus and response variables.
Oomr Of thcau wu~ informial tiisu14ilizing a very feow subjects which
provided infor'mation suaggesting modifications of apparatus. procedures. or
rosponse moasures, Other oxploratory studies wore sufficiently cormleto to
... i .__ W1~ Onotii e vhA factor do-Lueruiining Uric naturo of those studius was thu
ordor 'in uih-Ich various units of the Qxperiment&l apparatus became available,

--.. v nefianlb diic into two rartcz Prt. T rnntainH
r' pnrts ol' dhe morc compluto uxploratory studices mentionud abovi, in most of
which a singlo responso, such as th(. g.s.r., mmusclu actiorn poteii-L.ala, Cr
vyc movewnts was unaminod in r .Thtlon to docoption. Part II contains 'wo
relateda major' w-,ur'imunt8 in wY;Ic-. a numbur of r .sporns', vatriablas wore

background which influonced th. -4s ? .c_ A.' vCari-ibius i nvesti gated in these
c xpurirnunts * In th- 'Cirst W *m .t. ..iV.nt to which Oach variabk: was
rc3.atud to ciu.coptiori was dkter. . 8 t1 ,,xiavA. If, addl tion, a rtmnt
of' th" data which wc call,;u isc. J.,Inant anaj~yeis was applied in order



to d.-t,.rnrd nt- an~ nptimmi~w±higo't~via2~iz mntoz nt
toc-ord Lxpuriment tho proodure was duplicatod with a now group o;" SmbjtOcts

(andan.increased numbur of r'opotitiono of' Gr~tioal quooiu one) in nordor to
val.idate tlio weightsa dotornined in t, firto
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111'LORPTORY I1TIflT1'.S IN Wlf J'I'&(JiTT~OF :~TN~iim'
l1.;~VC: SKIh11J~ AS 11MJ SOYLP, ItNDICAriN T AOCTIRACY OF

DEC-TTOII AND~ 1'1PVVtM~D~' OF 11:PE~rrTTON

Statoincnt of tho Problomn

Nioot rsiviuratnl1-io-dibtoctors wnociur(. two) or thro(. ronpopnor, coneurrontly.
C'nci of tha rotnvij unip.t1y rnnurod 4.s tho ga~lvanic riki.n rofloxt, For
sovortil rnsonsii~ thin rw'iponao anpoa to to ndnirtibly ouitod fnr itao in thci

1in~xI~r~ ~+.i itln wi~rn~ r quontitirn to omiployodt (1) it iso
"i rotivoly involuntary roaonmol (2) it onn ba reaftly datoretod nnd

r~'~wrA;(3) It:; r irotin tirnlo tn ito duration aro nonveniont2.y shortj andt
(11) r'nylrpiotho ronnoi rat thoi rotiponno doon not ocatir vory ranivldty.

'linan theo jalvnnfo nkin roflp~x (horoaftor abbroviRad g,.oare) is
17-erqu.ntly vood in apicwl linwlotractiw~ workt informa-1tion about tho va~Jidity
ano1 r1,ish'1 .,y ni' the rrionnnieij asi an itndtcntor should bo hticl. To ho ucoful
am rvn i-diHeAtoTr 1 n" yvnr$, 01in r." whntn n 1-yina resnono i,a ii1ao m1utV bo
r&I iibl di ft'criit from trio tisfa 4ohcn a bruthN'1 r'ospcnno lea imdos Tho
nurnos'o of' I!,,o stud, ihcn, vinto, Rirot., txo find olit iothor tho ger iflOets
the oticci~ of P upol'ul nd'~catoro Snocif'icallyg thoso quioctiona waro
no-*1: TO tho fr~r lupc'r 1hton n 1.)Jo4t to)llV a 1 o than vthcan a tulls
tlic i.r-jth?' 2.c~~11h14 i' thhr. rolntionship botwtion tlii. vize of tho gs~r
ar,,d 1 --- tnth"nl?'oso nf' r-snnn . nt afctocl by r-,potition of' thc lioc-dotootion

Tho ainarn't, a~ v.?- commercial lio.-cotoctor manufacba~rad bry tho B~ and W
A3,qnCtc~ia1z 4i-ohig-an MLy, and cnallod an 3"Loctrovic P.sychomotor. Th1.b aiicuit
ffrr~i wnnr i navrd.Jabla, bot somo roiigh tLosts woith an artificial
5ub Juvt indice-Lu Vhnt Its rone-inc,3 -xj. not badlj dlstorte)d so long as tho
M1LcJ,,ct'3 rosi~tin.~ is in the san3 rogion. The arror would be loast,
Uic-roo-c, in com'mr'isns of within .sittin; vrirtiins in the same subject,
'T,,is is th.. sort o'f co-mpzrieon madr; in tho osur't studioss Ton Indinna
J I V .' 5 14'.-V~riuac uorvod as tho sulujoets in this wma~rimnont,

Pi'ocjdiire

f-1i 'ic ci. wIs '-ivaf a nc,-nc 4 l 2. nd P small Rbh".t of Yjapar on iwfne'h
wer- Va.~ ic v'~.~ ix months of V1. yrar. 'He was al-kc' to r-irrcV '.ny,
ono of ilU' s!2 flvm weis onrl to turn the., nanor ovar. The miarinyrnto~r did niot
mo-v whic.i f ̂c Vioot'ir had boon 'xlcleod, Th-; subjo',,t was then informd
tn&" t'.-I nd of' t.Jk, g n-oriet-or the ez 'rinor W-.q ern'to +ryto

d~~w1hr' 'r c~h iw :~ ir)si {~was told that qcso ns
wnlj1 ' 4cd Uj thcL 'nrrn: "1Ti it jaiatnxrv; 4n i~t 1hi-ch -is it R?'1to~e

wr.'ntuc~ tAo answ ;r '-nn" T c ~t.n t wm; pointuld out to tho
s~~~~~~~~~d~~t 1'ttr ~~~'c~" n. t~g.I -wuld bo answomrng11 4 tm ! nt $ , w



S ~ ~ w a i.' -id an 1 loc rt, -M 'tt-t-rridh ''I l
~nd )X ni~ VII wtvi Wnakc to.I~i r Al sn~ -'1ino'iy ti poa-*-Ab1-.i.Ir'CXhr1'wn r
~ I&.~Idthr :1111jec't snf thati. I,Iio im',ject aoul U o neithor lhow o~r i'I~r

nrlr tht i~alvariomvndi. Tho quost)lni, wrtronsakod a1-. a rate )*i a~pproxinateiy"
onr-1 rvory t.titdy :1nconds. THb rt nil r''tl stufrir'ttnt tVm fior V11i (yalIvwnio,r
nc*#1l' P' "roturn tc nro..quonti-ii lovol folllinp, kianh rooponsoo Tho oxnori*
,1401iter recordyorl tho imviximii'i noofflo dtfloiioot-, i'ollnwit- rach quontiori and
ansimr r to lo nnots ruartor of a niealu irnt. Bach quontton wns askod I ivo
t'rvfv Hn fvi ordori utlilnh 1,30 runfrlom, wictnt that ti'' clu'otion vrav nrwkvi a

1".11I ,~i~ up, 11ji i , qI 11tiii~tnnn had boon nkod onne, ota. P3ach block of
qv-Jio-,r1 t.inenst-111ittrd nt, tri'al. Thm.~ 1.1r 'in ret. lnbDortta1L uWo&on

rI Hal - 9

f 4 r t i V tl H . m- -1.tnn ha linr bt n nnokud, thoi bjoot, wrto all olvid (I
C'". i~nrt r t 'ivi'il . lin wn than rrtquiruirl to ropoat, Itho wholU' nrooedurru

tri tl' mi ilold'll w111h !11, rt~ Croni -N innt six Tmnthsi of. thu yoni 'Vhuiv
P 1rzt 1,1vo r fri ot' Vtb rtiy qtiis11 n with i ono month oeinti1tutml ono run;
t1'- - ".'~ Iv',r Mt10- I.Fil r inntho liovith, a snnnerl rn.

Hur1) tn

FC'3 ot'nr "~ct11 r.tI.on of Vvo lata, t?.e -oxporincnttur computud the
nca O. 1 w ~ .3~1zo for .rc~'inth for ochol of tho exporin-vtn2 runs. The

m-intXi vltlli -h. laest %rian rfloct-Inr on nnirh run vrU subsoquontly be
r ".:r A t-', : tho lldctact.AtI month. 711o month that., thu &b ut had ci.rclorl

wasO nal.'1.;( th~"a '14ji.tot" moenth. The doero of succoss it- sa)octinry tho
lyin, rr, oni from among thi sove-al trvthfuJ. rononsos -as licn ,ad by
tho nit.'lbbor (_f 4 im.. a the d.evtc and the siuloctc1A mo nthsi wor:1 the -.emo * If
the largc 13t mnn edfioctinn occurred with inore tLhn onc. month, nc month was
d&osirnatA zs 1h? detected month. III- rosults of )ach of tho runs aro as
followis, On the first run, f'or eigrht of' tho tan nuhjocts, tho solected and
the dot.,otcr -,innths vyerri the somo. For onc, of th.-- two auhi1-cts whrr thi
wae- ort, t~h,; ec'~ i, largest mca'n dcflaction waB obtained with two mrotVs,
-47 no d~cc- mnth wart ds_61i.nat4ed. (Thu of those 'To months was ;thu
soloetctl m !,th. ror thc, othr subjec-t whoso dotuctud and 3ooc!tcd rnorinti-s.
wero not th( qrvrt,., thu cVc month shownd Vic sacond 1irgar't rtoar (I fi...c-
tion For all tcn sublocts on tho fi.rs. run tho inean f:.s.r. for th,. -,JIctcd
mnonth war. 'arg-r t11 'ri tho combined moan for al.l othcr mzonths.

On th_- - ?ronnc run, for seven of the t%5,n subjeccts tho dlctectA?'1 n
sooecf.cd mmflth wuro the2 sam-,. O1f thc. thron m.ubjc-its wi' ,rc thts wzu- iot th,
cica. tw o thrrQVi s'hJcctz whioso dcct-d and iol-ct,-d mnth. kuodilffarant
on th. ".r!t min. The r0l.10tc1 Innnt~ b %rj +h)1 --. rpA Thrgat f;.
I.om of thw r. .ir4 cts. 'Bic -Qlctocl mon~th showud b.?lactr..r

J' L I. I., . A . * ~ it' fo, L..n . A X. C - - ,% -1 .- 1-, j'J-. .%-s %A s.0 &I'.A I C;'

all. sitbjt cfi" lhrn'gyd -i 1thr'r noan g~~.than th..- c(mbir -.1h moner v.s.r.
Al 1 otl.. r ctlvz

-- , ) -V. -A-L- .u-t . aoJloctd and datected
I.~t t'>i Aw ~-~cIn 1nr:r-.t. 7'/' tUh, Th, ciarnaint-i1

r-. .- , - nV1



For -.. ' siekicts tho n1'~tcf WC th' tctv mn-nth~u ~ i tlnW
or~'f' V1,: mun of all. I'Ivo tInIs.~ Ta T tndica..1A~ tho prcc'.o

TABIJ, I

fft il; KMMOF MI 1)1':OTT ON1,
VtIT1 I ITOSHT1lW' 1 11t13JjMM MOl~ T1lTPT

-7-111,r! al ~ n0'~ Mo-In of In; Moan of lo mt M.-A or a"".
Rlun (,1 :r t!ior trithI thro triltij rour ti'nU~ fivc trials

1. (q)8 o 0s

2. 7(" (v 50 to

,nccsov ~bnt woilk bu obt~nr'J if onl ' tho coorea i'ro'.i tho firat~ trial
wcr, .' ;cd. AIs tirdi1~~tcd arv pernoants of ceaocut +,hat would Lxo ohtainoci
if Ltoc minr:i t.1' thec. f~r-A two, tU,, fitnt throo, tho fi-at L'olr, and allJ fivo

Discuocai.on

Tho rirqt nii of this study m~s to find out how succosnfiilly a lying
rusponsc can ho noluctud from nong oon ruhu opnrswt h
an'ilitu~c of tho as tho only indicator, This cxporirnmcntnl situation
is obvioiisly dilforont from tho typ1calJ lio.-do-bootion situation whorn the

obj.-ct I~s tre di.eccwor whothor or not a particul-tr rosonso is a lying
resnonno. Tn the axporimcntal situation, tho axporimontor 1lnows that ono,
anrd only on,., of the six rcosponsos is a ly-lng rosponso. In actural lie-

on or..tho n !qrtor f-ieer a 0iffcrontly structured situatien. None
of the rc~nonsas inay We lying rosponsos. Vovortholos, the oxporimontnl

-1 . .. - .e .cza: -' -.ua Iedt;t5o 4. .. f t%. oxpr c_-t can idontifyv
thu 1-rinr r, s,)orio ith rn larpge majority of tho siubiocts; it 1W.ans tha~t tho

1/ .rtr ~it'.rAy larger whon i lying rosponme is made than when a truthful
r,-inoni i,' -yide. Tho orporator in tho n0,110i llr..rlot 'etinn svibt.iAon; thon.

could bu dtc to USU theu g.s.r. as an Indicitor. If. on tho othor hand,
therc.; is no rabimticno51hip botwo-.n thr, nize of the g.a.r. and the trutf-ulnosta
of nl r,5Th'O7 T-flonT, porhant" would nnt, be lorofitaiblo to unse the g.s.r. ris

1Ce r- -1It " 'thec stvity inct iato that soloctiontr of th.- lying rvsrjorwc
c ai hc -vtda 'Yq*th iuch bo-ttr Uiv'n chanco suco1 ss. In other words, tho g~s.r.
J.-~uil larrer -When v' 3xibjot'1 t,.?3_1 a io than Aien ho tolls the truth.
')TI the 1'v 'JfLh, ut~ then, 4.. rnnot r~ay that it is inadvisablo to

~ ih. .. r.frr thW~,'~ r rtvniewa nct. Iha largcA. 1V..s.r. for
~ ~U tr, it ffast I- '--rt,"c' th-tt tli -iplitudc . the tsr.is

_ nfa-.3 ii'KL', Lrvllecr; ;or ')f lyi-Ir, Tt. is coric.:lvab~rf th-tt



thorc A ii a vi-qalattol if indivilr for vh ch Jli g.o.r. irot *;1
"1e~tor~Frn ki r~ o! ui ta this nopulatinn atpoorv Lo 11c smoiliiu th, 1 h

popul.ati~on ot iiii~dr.al for ich th+ill(,, gosre may bu a cuitabVlndi- tr,
The findlngs of~ tho sooond riin of' this oxnuiont pily 1w, intorprit(cr to
supvwrt +Oii tintion that idiviutli fall into one or tht, otherx nt two grouprs
on thn basic of their goer Wf' th tWrio cubjoottn Aina liwjgost gor war,
not obtaxlnud followings tho lyr1n rasponria on ithu vervd run, two wora t-hu
snimo ojiubjocto with whom tWhe nnimo Uvitiv wru Round nn tho NIrot run, Wit!, on:ly
one vtubJe.t, than, wao tho largoot gov ra not )found vith tlv iyIng rosponse
an tho noev-0 rwi rttatr V, lhnd proviousnly 1boan roiiid ith tho 1yine, respono
on flt, f'irit run. Thonno rvIi'o uglk nwiert that tho rn~rontostntly idonti-
"A{os or Pills to 1I' nti",t thei lyinv rooponao in a igivon 1.ndivitbiua. More

Ii dritx w11.3 livo tt) bn obtainad to clotartwilo I-Aluthoir consllintmy~ of tlhis sort
i Sa , ~ i or I'11' tel, .hi a notion of two 'ropulation turns out to be
cnrrocbt, il' w.1,1 ho or stroavt pruactical vliv to know in wlvlo.h popnatlon sn
ind3iv1dutr1 hcdonpn linroro tho go n~r. s 1aund no on Itnd-J tor vith that

I 110 1 V4 dual,
1I1ttlu noot, of no rapntin aV tho prooodiwo on tho -;incocs of

ilc11)tinv, ilhe lym~ni' rosponne wan found, The porcont ofr oorot Jidontifica-
tions dropph'0 -11. 'Vhtj from 30% to 7C%. Just what of.oofb additional ropoti..
tln orC tho procod'n'o might havo onnnot bo statod without further =Oxnri-
'iiontaltin. A,- fCor tho ofVoct. of rcnacating tho quostioma within one runs
,. thonugh the i-I.Morono obtniod bo+-vioou our first trial and tho Geond is
notk ro) irblo ) ,It appoarN t.hab onl tho 1'irat run, at laot To ranct-Itions ame

adv~sibl..'irthar ronoti±.ions had no ofot on the miccest; of' ratection*
ThePicuroIsnut so clenr en tho scord run, whora no oonsiot ont trand

Sury nd Conlunions

Tc n Indirma Univorstty undorgradoatos ocrved ao subjocts In this
cixnrinmnt. Tho stibJectn solootod a month from the first tsix months of' the
year and thon i-rorn ris1cd quetiona -)bonit tho months. The subjects wore
inctructod to answor oach of the ciaution3 -3.n tho nogative. Tihu qQuotiens
wore asltod at a rato of~ about onao vory twentyi seconds !andl wore pnr-%snJ so
that tho subjocts anownrod truthf'ully en all. of the quostionf; bt on Six,
difroint questions were aahad. -and they woro ropeatod fivri timcisq in a cluasi-
rtindom order. Tho size of the gnialvjnic skin roflox fo)lovIng nach questionIand ano'wor was recor S oddo A.te a fiv0 m~nuto rent tho nrocedstro Wns repattdu with a month sclcctucd from tha soonc. six months of' thu yoar. Thc restilts

wore as folows 2 wi h nt of tho sifbiectn -n thu 11 iret~. ran andi w'l enIol? thu .bjoct8 on the nocond run tho 1lca-Vst rrin galvnic skin rorLox
t P ~o.LL',iyvd tho lyinq roesnunes It Is concluded that- (1) tho r,~sics.'

n---y iq rob4 : -10'.ctd. ao of lyin- for a large population of
indivi duals; (2) It is rnrobably not a 6-itablo Indicator fonr a if nU9

s'nr)Lrpopulion of! individuals; and (3) oneo rertition of tho Clutection

Yrccdure docos not ricticoably affoct tho succons of tho fyosers an~ anIn1 ctr

Ila



MUNNTE III

fMLX.lTORY qTRID1, TN mil' DET'OTJ ON 01" IwVUi1i"r (P 111111
GAULV TC 1KTU1 Frt,'TL.1X IS 111 90,f3i' T'TTC '10TQ IT. IM*

or" ximniThTtnO or ~itiorin oi v,,tunVz or. Thj.'1FC(T1 Y!It~~

SUM-P.Q111VIT !11 10OV t OV t~I'~ti

In otir ftrt nvoio titi~n of tho palvania ejlcn Wino (harciftor
*nbrVlatr tinv,' flff tinldlocitnr N' lyiUv: raonoOrt, it wan fPound thrit
whon ni1x n ifini1r -v'imbl a rnnnonnn cro marda in a situation whorn ~ n mr the
1'omiontin lit it lVNflfg rnripoflnn nn t-ho ethor five cmo truthbil Prporinoe:
tho tn r t JT'!Mc' C'an li idmviIA f' el wtth miteh botter th-~n ohanloo succous,
',,n 1y~np irnnno wi vnrrr~ot.iy, idontiAfted on tho banin of thn n:ilmo of' the

f611*0 With Olg~t 01, Vin toil tii'bjoatn miod Jin tha atudys It wan further
difloovorn-d 1%viat tihen tho dotoation procedure watn ropovtudt-l huiamihor of

fn11ur*p, t~ h'tuott.)m ling roanorwo Inoraocnoci from ~j

In tho Oit~,v%, ionnti,nnucl nttidy, tho uico wore nc. Lold Weore tho
rontiti3n oiC ilit niroooduro whether thn PM rwt attempt ait iotoction had boon
auccosifiil, 11ndor thutle condit.Iono (with Vieo nubjeats Ignmrant oV the
rocoults of the first attompt) tin V,,.r. Val lod to indicato the 3,yiri
rann-onse with only oct) of t.he. (1 ght subjucts with1.1 whom it previously had

:iucos,-Xitly tinc cto tho lyinrt responso, In the typical. lio-detection
sitiint'"in, hno,voar, whon thero is occarsion to repeat tho proqodure, the
ilibjet usually Icnounq whcthar or not the first attemrpt was successful. As
a matter of £'act, it Is often tho practice of' lie-detector oporators to
make a proliminary run With non-relevant material with tho express purpose
of coivineinr, the "subjoettI that thc apparatus dccc work, that is, that the
W.ing rospconso can bo identified, o ton the operator has the itnbJect select
a card from a dock of playinrr, cards; then, with the subject instructed to
lic about the card, he nrocoeds to idont-.*Ly the lying response and thereby
the car'd. The assumption undlorl~l"ing thic kind of practie must be that
convincinr, a subjoet that thu V.o-dot -.tor works, makas it more likoly that
tho lto-drhtoctor wi*'l work. There are no ozceorimental data to support or
rdf'..te M1is a.ssumption. The present study was designed to provide such data.,
Snecifically, this questiorn was askod: vwnat effect dons a subject's know-
lodge of the success of' an artompt to detect one lie have upon tho success
or a seconed attomint with that subjoct? It was designed to provide informa-
tion about tho effects on the success of a second lio-detection atter~ipt of

L I -a - ..- -- I'-- - A j

that a succcssfu) first Attempt had been made, and (2) revealing -to the
subjoct just before tho beginning of the second attemptt that the first
attompt had bh'en iinsiicessful.

In addition to nrovtding, -s with nomc data on tho affects of giving
infornatior on the succcso of' a previous attompt at datection on a subsequent
ntteL (-mpt, th4 - 'crior~i t aso serves to providu additional lata on the
ado-quacy of' tho g.s.r. an ,n inel!Cator of lying ru-pon.

Apporatvs an ubjcte

Thr; niyvrratus wa, tho s o B , id " Afjocirtto Is lie-detector usedA in our
first stuety. Twonty-three Indj..via University undtirgrmduatcs, alove~n in onu
rnrup and 1.-j~v(. in , nothrir, qorvL,(- is tVo subjvictc im this -Avty



'j~~~'wor aibje;' eo iignad to , I f liot ono o., the rvthor rW two ProuT~s i n
tile ordeor of thevir aunofarrinco, Tho iotlal t-roainnt o'f thc subjects An buth
rrouins wan tho namel. !',acii suljcot wn'a Vivnn a poncil and a small tahnot of

pa~ron wir~ wor 13.~ Uto li-rpt nix~ montho (if Iti yotto *t Ila wa atiked
ton orvi e any otio or ffis nix moriths iiid 'to turil iho oiapor nvnr. 9* Thexricori-
atnonitnr (lid ne. kcnow which of' 'bh moribhn hand bnon n irolol. Thea subjeclv was
thon Inf'ormod thiat: with thn aid (I if i ~vti'o he h xo~o r w0o
F1.01111 tO tryV tO 01iiwnvrir Whi h ne oJ' 1bho monthsn had boorn cirolo. Ila tins
toll 'that qiiomiti'nn wnuld bo tvinod in tho rarms t vit Fobrimry, tn it

I4pr-1l., in It '1 'inaivy, utod?" tn wao inatrunt-mrl to niwor 11110 11 4,0onoah
ip'03-t1 on. It1 wn- tIcntod olit to tho nubj'iot that hy tnnwarinfe onch quastion
ul U11 "ran"l ho wou1.MA ba anOOV1iu[ trlithfully to fiva of' the quoot'Aons and !ying
onl ono0 i, 0m),

Vie niiloot wac. oontiI anid an oloetrndo waa attachod t oteach of hisn
idox fllrInrs. Ila won askrun to nit at, quiotly an nonsible. *Lho wimrimentor

onL beht ind Ulitibjood. M i.t tha wlboO colAc1 vok'I 11oltII( tho oxorinlonter
nor 'tli 1 avmn tor, Ihi -ii,4e)nc, eit r-ar a'o a i'nto of aiproximattolty
one rvl~rv iwoeiity nuo )fls2l aJlow'Iina oufioont titti for tho galvarosnoter

nkOA tL r,,-tiirn to nro qunsfIAon loyal followinr!, ach rospcnso. The oecpori-
imn1'tC -lwo 1 '11C iriaxidnut neodle duflectior' Vollonwing nach question and
.nrvp zir toy 1-ho u quarte r -if a scal - unit* r~ach question wads askod five
i'imtis i-1 ar~ -rtloi %-bu wp, r'ancioni nx-cpt that nn question was asked a second
timu lintil all questions had boon asked onco, etc. Elach block of sixc
quaost$on o nstitnted ono trialf 'llire woro no rost intervals between

AL t-u- Vic thirthy quatitions bad been askoci, the subject wa-2 allowoci a
mi~ :inute rest poriod. During the rest perinds the n- "erimenlter computed

the non donflholton cizo for each of' the months, At the close of the rast
nerroi, the p~ii'tranno-incod to the subject the month which ho said
he hi'1ic~ro- tho subj1eat had circled, It w-as at this )oint that the nrocedure
for thiv two *-roups dift'Vorad, For the subjec.s in Group Is the month that
was afrinon1lc~d was tho orie which the oxperimontex' bolieved the subjact had
&~rcled -- vio nnnth trith the largeost mean r.osr For tho subjects in
CGrnun 11, tht mr1~b announcedI was a month !hich tho exparimentor belicvzid
thJ ,Wujet had not circled -- the niont-h with the sm0lest moan W.~. 'hen
thc -.anceunc4-1 nionth and Vic -ionth t~hat ',ad boon circled wore the sovno, tho
fscl th.-t a iticossNI' detoction 'lad been marle was ipontod out to the siubject.

--.1ar'Y, Wivn t'no arnouncocci month and tha month that had boor1 circlad wore
notA ti nin, tio fnct thpat tho attenmpt at dotnctlon. had not boen 3uccosful
wns point 0r owt. to t.W oubioct. Aftor the statomont by tho oxporirlontar
sh0vit tv c-nico -sn or 'ailura of tho dctctton nt.t#~nt. all3 subjo'rts in bothi

Vr 1s r(' req,14-rec t- rer-oat -the nrocedrro with anothrr mrtith Wtiih Vie
1' ijoct ~oetAfrog, tho- last Mlx -months o~f tic year. After the socond
scr~o:' of i ive trfial r (thirty questions), thi- s-ibJccts wore dicminssed. The

oxir !rietvLr thon cnrvutod the mean ft.s.r. for cach of thosc months. Tho
fir. serics (,f five trials constiL-,tud tho -~s rurt; the second series of

five trialn crnsd.Ututr. tl-,- rocoid run.



'Vio re-ifOltn ,,1 thtin st uly toi~o!,hov .J.th 1,11-irt t'rrwi 'hlit ,vi,, rtu .

.,'A ' <,Of .rr~ *, I Tl,1 Tn o T 1 t!.hi rv,-,r' tirj, i , -,qull , ,X t e I--r ' *

Pi, ONTr t0 1' Am) 1I " 1, AI I , 111t0lP1 ' 1 , 11 'li ; i,[ i

Og ltnoillrt .lt' L 1 iOtl"f0 t!S CMifl 1o , 6lluvOti o(n

on 1st. VuM nm 7nd lrim lt,, sim'l joh lat O1'lt whioh
11111 1 tlU00011(Iofl fl ti' , W .1vrot

on 2nd run on Pnd run

II 9rri /ri1 W1~ 1/11 9 ' 3/9 31% 2/2 = lw,

17A 714 10112 8 3% 5/9 80 1.13 = 33%

l - !l t'li l ' 
' t /

- f l i * - ii .*n* ,i

OY,-l,-nil Dlrq,1,J , 8/1o0 1 7/110 -- 0% 7 /8 " 2/2,7 = 1 V-)%

indicator o" Vriw, i. was found that on the first run nine of the oleven
,hubJac ts in lrotir: I and nine of the twelve subjects in Group II shoned their
largett mean , on the lying rseaonse. This was the case with eight of
the ton subJectrn Vrol- the first study. The percent of subjects in oach ,roiip
tlehor to 'Laraot, moan g,r,.r. is Pcsoniated with the vling reoponie is similar
for all threo grouns: 62", 75% and 80%. The g.s.r. is a successful indicator
of lring wth 79% of the subjets from the three grouos combined.

'ie nercelut nf subjects where the largest moan g.s.r. is associated
rltlh the lv.n regnonsa on the second run is noticeably different in each
r roup: 271% and 13%, for the two groups in this oxpriment, and 70% for the
rrnup from thr, nroviour, study, Perhape a more meaningful comparison of the
threo rrniup on .he second run is obtained when we look at tile success of
tie g., .r. in indin.tinig the lying response on the second run with only
tho-o subject:; whoso lying responses on the first run had been correctly
ident' loid. i'hc group of sabjectbs that was ignorant of the successi ora~ ' - f 4 k" U" .......

-boto Virst detection 10rou .I.jT) anT" t roup of ubjoo ,,h'"
was misinfrrno-,d and led to believe that tho first detection had boon a
failuro (Griiun TI, both =how about the same norcent of correct detections:
88% and 9%,, rosnec-tively. With onily one of eight subjects in Group III and
,win ,if nine in Iroip IT were *Ie, 1yiny rerno'eSs nA,.tected on the second, rn
after they had boon successfully dotocted on tho first ran. However, with
only throe of the nine subjects of Croun I whn hod boon correctly informed
, iat a succ.'s-ful detection had boon m-do on the first run, wre successful
dotnotions ma,!o rn the socnnd rim.



till iio, iltow tho innxiI'lIal Wi~h only two of the.-In ol O~n objiriz With
whoin in(rroct (ltntons~~ waero made fin tho fiirnt runn woprv vorroe.t 111'ttiVr-1.1n
ide on t1ho ~orid r'un,* 4

Thi numnber of' succesmt'ul dotootions bivid on tho -,corovi f4 om the firlstF
-tra aid t1.ho nia or the first two, tho firtit i.n o, tha firal- four, and all.

fivn trifAs are shoi-n in 'Pablo TT. In all inatanon tho grantut numnber of

TABLE'~ TT

'TIP 1'TIRM)'O'1 OP~ StRIOMMISMLW D11 l~140T'ITOR
~rri'~ lTI ~M' ~~fh1F'~1OF TI'1T 11

NY7 I~Ti'a 9.6an 7T stMFfn ~ ' 1ntkan I "tIItrn '15, 1 3 zrnIC-)FiRII
- i 4.WA , 4 * -A "

1. 7/10 = 611% 7/11 046% Al/11- 73% 9/1.1 : 82% 9/11. 0 2%

h/- a.? ti 36% 3/11~ 27% h/1iU36ra h/3-198 6% 3/1-1. 7%

2 /? 33"t 0/1i2 : 83% -/.1 It i 92% 10~7~ t/3.2

1. 6/10 _ 6ap% 8/10 10% 8/10 - 80%__ a/0 80% 8/10 r-80
PTH I _ _

I2. 7/10 70r% 6/o u5/10 = 5ev /l:I6/1o~ 60% 7/10 : 7r)%

successes) on tiie rixst run, i.s o'tA1,.nedi when the 'mean of all five trials is
iisod. On th, ,jacond run, no consistent nicture is obtained.

Dsctasio

Combininr tho results of +-his a-A. thea provious stitdy. wo find t1-e.t the
g.e',re was successfIl in 26 of 33 attompts, or in 79% of the can-os. On a
ncnancu basis wim should expect the largest -ioan g~or to be associated with
TiO- iying, rcsnrinsc 'Ln approxi niateily d o te cass -- U've or six sliccessec3

In 33 afttotrnwts. The obtained restults indicate that with 79% of tiA n~opulatlon

!.d n tLhnso two rt'idins-, th: ) %r is a sucessful indicator or Iyn
Thn rlata of Vhese-- t-vo stidios combirsoc1 indicate that:

~)Surcess on nne attem.vit at deteotion with the g.a.ro alono is very
li kerly to hc rollound h-:. a -"cr-n1, 'ins the subjact is told that the first
attemnt was suc~~'iand

(02) Pa 11, onraf 1 -a t a- 'e!nint i s ii! I Jy to b , £ollaw-d by failtzro on a
se-oi".re."ardlosn- of' inforrmat ion r~ivc~ to tho subject.

The, subjncts in those o r~nswore college st.4dents. In this
norulation it anvrs, Va~t tho 'u'v so-nie !dividuals fo,'r whom the C...s.r. is

no ntt:,Ilt- indicator. Since thi. nonul3.m.i.oni appears to be miicb srialler

4 *X U I



121

Lb ali t~hr, noviul at i for VVh Ic I~h i 161 B:fuc t.vo hepa ronlilts may I)(
congrurd 'icouirnrlnr! nnd ns~uiri n Id r -utn ti udi I'L on ritbar awl larger'

nomfl a tino nn I t-miWll othtItW lnh,,otaly ,1liv ntifu-it.lonto an wfM aln non-
1I4hnr:A.czrv ly'-on -iittXatiori. Tr thu ru!;lIil.i obiinnd in thostm studion can
Iwn d'4hitud with ofhi'r, iarpv ii',ttin thon n nvi-i In'dototion tosiL
"U A14 z1 thi r,,!,ra -Og ht 4,m vnlitablii tiui titbui.-wd procoduro to dtpmjiln
.ihrthor or not. M~ (?,nre tilwiu141 tw, uot wti Ui ri',rsr.'Liu itidrlvduairi In actualI-i -LC VolsitIIten

'1111wilti and Or IlIV tYLOI'w1

I~ ~ ~~A 1'',a i l 23 s1Ilj~1 nulo' w~v hd n mon0yth from thoc frvt nix 'nontho p
o', h .l-~ nrmJ tfh.u IT, r! ark-1 qii Abott Lhu mntP~hno 1n bJot~o

r~nda~l~(I P Inaw r i'rlh rjtt liii qua iifCol Itn tho nogativo. Tho quoza-
t i i' r asl-d cau1 rntbi of on,, (uv,-ry 'm tioapidt, mul worrs phwntiod no thlat

~:i~P .1 'r intfaw I t.rthN'l.J Y oil all of' tho qwutetint but ono, Six
'I j~ rni pM.t rv. lo n vwt nnd tlOy warui iirnntod fiva lUnus in a quaai-
rma i re ~. 'Ppa ri of it 1w i"lvanic r- kin roflox folloinr! onenoh quoqt'ion

a a ~i I k~, Ai~ki' n fivO n1i ntl ruat 9 of thri U, rnibjects in
Tho'Wa T wrt I() iat, aic monthl ,)it(-h thok had solIoctecl hnd bocon dctr'eif

a' ~uur~I1'A', wfl, of thw 100 uoalocs In 011our 11 wore,o toj at the
~avfl~ ~t'.-l- ha .culvcLud lid not boon detected by tho tuxpoerim'enter.

Ptb. -locodrl' W tuIIN ropatod wi.UH a month soloc tid fro~m tho. secondi nixP
iiont~v-lf th-f Vrer The rezsultJ.-tn;~how thlat -xacons on one attomt at the
dctcr' "o withJ th. ,r.s.r. alonc~ is very 111kely to be fo)1.oitid by a nocond

~nccr~, nicn~ thmnih 6, r t old t.tbho f-Irr-t attmpt wao w~cuc~l

s sucuspaI
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1T3 T nn A 'rW. VT11ol-. TEn 11Tri. CTION OF DEICPTIONIWIT.14 TIR OALVANTO SWIN REFLEX AS 'Irs SOLM INDICATOR:
TiI. TME NAT1RE OF TIFE R, IPoNE A , TO 118 AVIMLUS QT11RPTTOUS J

hio nrooodurn that. wnin innd in our fJ,rnt bwo nbudias to dotormino the
una fulnorts of tho ,nqvanio niln 1,d'lox (horoaftor abbxrviatod t.nar.) as an
indiotor ,f ling tofpontoa wn r no which roquirod theoatibJoot to answer
all tho quaotionrt which wore aniod ,y th oxparimontor with teho imo roiponse,
"no"• I ho exnorln-wal stituaton %in dosignod and tho quontiona Wore phraood
.:o tint tho nnswert, to five of oix qumntioni wore trxithful ancnwere. 1ho
anowor to ono of' the aix quor.tionn was a lying answer. Vha dooi.slion to
follow this 'roodur@ wan nn arbitraiy ono b Howover, tho Choioe Ias
aMnarontly a roriunidk one, ninco a largo maority of the detootions wore
muicc~irjfh1.

The nronort study ropronnns rt ftrot attont at qotting an answer to
tho orohlom of the I.n ortenoe ol' the rnsonno itisol in detoting lying
rnaponoos. Four dlfnownt kinds of responee Cituations were selected for
stu ly. One SiltoaUil, duplicated the procedure that was found to be successful
IV, oil f tr-. ot.u"", th- .,,bjoct woro rcquilrad to answer all quostions in

the nigative, thore'y lying, o-- only one of the four questions and tolli;ig
to.e truth oun tho oliur three. Another situation required the subjects to
answer all four quostions in the affirmative, thereby lying on three of the
four questois and tolling the trath on one of them. A third situation
reqaired the subjects to remain silent when the questions were asked and a
fourth sit,at. on allowed tho subjects to answer the questions as they chose
with either "yes" M ntwas designed to provide a neans
for evAluatinq the role of the rosponso in the lie-detection situation.

Laaratus and Sub tS

The apparatus was the ONR laboratory galvanometer describod elsewhere
(Davis) in conjunct.,,, "VI, th an Estarline-Angus recorder. The subjocts wore
eight Indiana University undergraduates.

Procedure

-Each of tne response situations was assigned a letter as follows:
A: "no" to each question; P. "no" or "yes" at the subject's discretion;
C: "yes" to each quo-tton; and D". no responses at all to the questions.. A
fm.ur by four Latin Square Design was used with one replication. The follow-
iug squares war- used:

Square I Square II
Subjects Ordor Subjects Order

] st 2nd 3rd 4th Ist 2nd 3rd 4th
1 B D A C .. D B A C
2 1 A C B 6 C D B A
3 C B D A 7 A C D B

A 0 B D 8 B A C D



Thsihb~ccts' Wo~re Anip'nc'd nuvhpers Ii V'i ordor of t.Iilr anprarnncf for'
the -xpi)-munt. Encti tubiluct w-io tio:nttid In a~ comfortnblo armchair and wfuti
tn"Ll to rolax for r,,vo'rn3 ziintci Thon An oloitrao i-ian r~tachod to oach
of his p~a~ns. No. thio snbloet. was 4hrwn q rihout of ptainr with the month.-II of tho yonr wri ttc'n in ordor in thr% o .,:rotina of fouir mionths rnoh. ThL
siubjuct. was r~hd 1to, Indloto whilh itrniri nf rouriin nths Includod his birth
m'inth, withoitt. ro~vonling Ia" thiu -xni-rlnuntar A1,0oh nn of' thu Cuur tnonth1
WI! ' In1bil'th '1W'th6 T1111 rntol ~it intiOrlinlono wu)'o thon road to thre

17144,1111.-t of i"11111 rnm-'fitmo Im nyt -oirp to trip tn Ontorinu
Pit, viotith of' yotr hIMH-i. Yniir Job int to Ictop~ nu fromn rdoiotno

.'iont1-11. ljov Tal th~k1 111111 'b'h'V' rai eA v(rltionei and thori T will
! ! "tCU 1"". T111tht U1i '0, 1 tb nl* tv iuu' bir.A month. During,

Ui~ It) r t .IIC- I 11 - 't I ai 1) -ryv inrtant that you do not Movo . Also,
T i'ulci 'IIt - ,rov to Ironpyoui VcU1,yoii P.Ionno du'ring tho cluontion3.ng.

Th'n slihjovt wt'f, nt' io'td bo rol.-ir. rtnln for about. ono minitto while tho
)*?)1P Iinntor --Ojiinti d flho tpparntvun. Thun the inctructiona for tho £irnt

kind r1' ro~prinnu wort! rdivc'n to th,. subiect.. The difforortt oriorn in which
t~v of n rs'n r. -+1iat3I on .rc -1J4,, V*ita ho f nt uot - waore

litattod 1 t-'s ilint in Squnro.

Aftar tho :nhjoct had reoerd instructions about tho kind of responso
hu was to mn-: to thu questions, the uxorimicntatljii was bogmiA. The quostions
woro alway.- aol'. i in tho Cormt "WVoru you born in ?"An itor-'
quoati on i ntrval of' apnroximl'.toly 10 seconds wns Usd quescpcztion was
asked twi cc, in an order which was rantian oxcont that no question wns askod
a 3ocond tima bofora all four questions had boon aaked onco. Eaca block of
C o'ir ques t ions cnnatl-itotd onn trial. ThcrG was no br.rak butwuun the two
trials !,nth a given rosonbe sitlinton,. Aftor the socond trial with a given

rusotm sfitl. on thu subjact was askod to opon his oyos and ho was
in,-trurt.,?d on flit. n-.:xt rcsnonnc ,Aiiantion. An intorvai. of n--proximately two
'filut-S ~an~1b twrlon sliicosIvo res',onnso. situations. Wion the last
rosnts.-. silt-ltion was coilratod, the .oxporunontor made a gioss about the
miubjet' s birti month and thon found out the actual birth month by asking
V11c sijoct.

Posults

III(- rncanl~3 for tincn of' tho four 'questions iinder oach of the rour
r, onso evnd i~ir a comiput-'d. On the basis of chance flactors alone, we
mlpPh. , ;uuet ',,Ltlt with oach rosoonst. situation the largest mean g.s, would
occur with tho hirth mnnth que.-Von in orno out of four imltnc'as Inl our

*~x')~r~!ic.t s4tr;7'~ 0 X'*'ctf 'uJt byChar-e, to find the larzgest
T1nean *,,saro assmc-ltcd ii thn hirth mo'nth f or two of the eight subjects

iPcn e'' of flio or-nl' tionn. V~rcoalts of the study show that with only
onou -f thr frmnr ro!;'onnc, o '*-.t.Xons vtudiod wac the number of such occur-
r..nc -t; r..-'tQa than two. This occun-ed whan tho subjects were required to
ronly in 0i- nee.~ -IWt, tn nll of t1.ho qucst trinn , thoroby lyi-n7 only on the
'Vr1thl Month Fu~ n ~our of tl~ co is'ht subjacts, whan rur, undor tbaso
r'r"'.i tions of - -did ho,,x thoiir highost mc~an gs~r on th.; birth
ninni~n ~to I. c cainnot rujuct thf-, hynothosis ha this~ w!n~ a chanco



rostilt, hot.~ovor (p a .126) 6 Whon thu nub-cots woro raquir'0! to rospond iM
the ArfirmstHvo to all thmo quontirin-, horoby lying o ura 1J quustions except
thce bIHlrth mjth CqUORtion, only two of to oight~ subjocts chowod thoir
highest nioan fgsoro on the) birth mnrth quatioui Sino, undar theso c'ondi-
tions, tho roaotiaro to tho birth month quontiori was tiho only truthful
ros-nonan, it mig~ht bo wcioocto~d that tho urnalloat. moan gores rather' than
the lnrgont, wou ld occur on tho birth month qnotitono Tho rocutltoi show th'at
with nono r.f tho oubjocts dirt thoi ownalot moon Uscers occur with tho birth
inonth quesntion. Whtir tho oul-jiott wao roquirad to raomain Silont during the
quutioning, it. wna found that with only ono ot the otght subjectso wav tho
larRost mean gone~r* aunocintod witil Vic birth month quosttons And whon tho
nubjocos nt thoir riown dlLcrotion, ronliod with oithor "no" or "you") it
was found thnit with only two of tho olght aubjootn did the largoat mon
gn,r, occur with tha birth month qiestion. Since no rooord of thc verbal
rc noonar n was takon it in tnet knownm on wiih of the quantiond tho sub3jutut
1 id or told t.e truth undur thooo conditiona of' rospondimng,

fliscus sion

Tn iau' proviouri stuclios 1141.1 the gosor. ehQ procodmiro th'tt wtas adopted
rcquir-vl the subjccts to saswer all questions with "no") so that only one

..ng rLfp-n -id aLvar'1 truthful rosponsos woro mnae. Vkth ti~s procochiro,
'L-tricti.noii cf I'he lyingt roanonsos vrore macla with mich bettor than chanmce
p'uencrcs -- 79% sucr.f'ti dot'oction. Those stud~ios did not indicate, how-
aor, wlir tnr Vt,- ntuimbr of' nnocussos was affootod by the responso thlat the
wiibjcctS woro roquired to maltoo Thu orosont study scams to Indicate, though
not concliivnly, thnt the !-Itnd of responae was Wtim ortarit factor in
nrorltcinfr thc high vroinortion of' succo &fu3. detections. in the present
!it"4y tv-ttor th .-Mcc re-,u'l" -wores obtaen"Id, although no t. signif11icantly
bettor, only for tbo procedure roquiring the eim response as in the earlier
studi,-s. it apnenrs that i n ordor to identify with bottor than chance
vicer r, tho ;mPontvh that tho xubjoct.- ocloct, V; if; necosouiy tbat the subjects
roply verbally to tho questions ns Lhey are asked. And the situation should
be nno whoro all. rosioonoses to questions arc truthful responses except the
rosoonscs abont the sPOeciC±C month soel-ctOde

In our first, studies with the g.s.r,., the lying response was idontified
4Vn 70d- c"w-o-i +1-razo Vit saiz rsone uired in thoso studies was
'inod in this study, thc lying responses warre detected in only 5~ of th
cases. The swallor Percent of successful dotections in the present stvd~y
w:xs to bc oxn :cted sinic it includod only ono ropetibion of each queostion.

had boon made on the b&tris of onLy two trinlo in the forme-r studios, the
*arcont of succcssful detection.- would have boon 62%.

,k5tothcr factor idiich may have prodisnosod toward~ fewer successes in the
'nosont invostigation is the use of each subjact a Man own controlz Eah
rwib ,'ct -partI'.cirtcd undor :nch of the oexps.rHmontal rospoflso conditiont;
wh-ich mpy have reduccd tho numibar of successful detections.



CHAI1'il V

A PIEMITAnY INVIASTIQATION OV~ 01 DIO.-ASOULARt RESPONSES

Tntro~duo '-Aon

This study wps not inrliarflv aonai'rnod wAith Mhe datection of dsoeptions
It was, rather, an examinatinn mf noino oardio..vtwelar rottoonsoo in sevorAl.
non-lyrinr ritUxati or,. It was hopodl, hawovor, that tho study would provide
us with informnattt on the kind nt responnon wo ight oxpoot in the lying

Tho nxporlntit was dnaino1 to nrovrido a omo~rieson ot the~ oaidio-
V11OLU'.ir rOMONr,~iiaw uiirhr Maroc different conditionat 1.) an oxtonded roat

Pitrvl,?' a urutal qinsioin priod) can 3) a mild atroso cituation.
The cardio-vasnuiar roopnnnuou that wtaro moanurarl worot 1) haart rate)
2) hoeixt-puloa. Ing, 3) bloo~d voluimo charngna in tho Indox finger. 4) changes
in skin tainporat~ure, and 5) blood praissure. Tho avparatus for measuring
thene respnsn ts described im tho soction on mothod.- of' moaouring cirouln-
try vawinlon, [

Since th! s wns tho first of tho cardio'.vascular studios, (two earlior
attirzipts wt.ro diszu'~itinuu! buoiuso of nocoasary vrocodural changes) ther
oxnerimenturs woro not vat thoroughly famillar wfith tho apparatv~e, the
oquiont was not yot working perfectly, -nd the procedure wa essontially
untost,3d. Consequently, rk detailod analysis of tho data was riot considered
adivisable. The dazta wore analyzed in mufficient detail, howovorj to provideI
suggouti.ons for the subsequent investigations.

Procedure

Eightoen undergraduate men and women served as subjects in this
exper-Inent. Each aa~bJoct was seated in the subject's chamber and while the
various Leads wer.e baina connected he was informed that the oxr~orimenter
was interested in moi'suring some of his physiological resporisos. Ho was
told that tho imxorimontor would le-ave the room shortly and would comnuic ate
by means of tho loud spoalcer and microphone which were mounted ina the wall*
Tho subjact was told that after av.hilo he would be asicod some questions whichll
hoi w.-s to anaer out loud,) lie was aed to ramiain as motionless an possible
durina the oxnerLnrental sessinn- "Whoin tho oixnariinontar was sure that the
subject was at ease and that the leads had boon conneoted proporly, ho left
the subJoctis chrumber.

Tho throe nalrts of the experimental procedure wore as follows:
Rtost: Throno nc minqto raecords wore made with two minute intoyvals

-'Pp- Th th -ucc.js-ivcrecr Tho a-abject was no' 1-0o-r-med when thu
records iwur. 1binry made. 7 ach one minuto record includod three pressure
cycles of the vaiiuar ocebiin -,inp.

Youtral Qi=stion-: 7The mirutis -.fter the "not rocord, the oeor cr was
turncid o~n. Ar Tccv-1 r-staire cycle, and immediatel.y following tho
st.art or th,. secon,1 'vrc1:, -~xorinter nskted aver tho louid spank-jr:
"Thint 's vc w fir-t n; mcV' The r-cording, vas continaad until that cycle and

th tvyoo Ib -arwrc comnlitod, Thle rocordcr was thon turncd ofi? for twn



mi nutow," FoLowing itht two ninut- wnit, tho r',corctur wan turnod on !,nd rt -r
rMo C16-nInt flytr3e Al Boor) as tho next cyn-Ing hagian, lo n ioxr-Innter aaord±
"flow much are two and two?".* Th ' r onrclingR wan corntiruL. util. that eye)!,-
and the two followtnR were cornteds

Strnav: ?Aftor P two iW-nutn o elay, Wia i'ooordor wan turned on, and at
the hWn;of to npennd prso'irm ayoln tho vi'x rinntor noLkodi "'Do you
feel an nochtrico nhiok on your Iloft hand?" * Tho rooording wan Contin'ued
arintoruptod f'or thirop cyolon followtnv, this quostions As soon Ali tho next
cycle bopgan, thn oxporiantnr anno-noodt "Don't movo your loft hand I Wo
nctim to have a had conriout-on and im don' t want you to got ahooked i". 1110
rtooording continued Vni' troo morn oyclon hcitoro tho r~oordar wan turnod off
aind 1.ho tiubj.-it1 wan raloacodt

ntosulto anid Pinounsion

Iloart ratot lovaral snmplaa of tho hourt rate daring~ the root intorvals
wort) averag ,d for each , f tho nubjoato. (Thci rocorda of only 15 of the 18
mihiocts, woro n rd sno thme roce -dt or tho ' ,oo other oubJoao wore
~,ncorinloti2.) Also stwiplo3 of the heart rate worn -'Akon following the
ribJootnt rcioprinn.o to th* ncutral quastionn and £ollowing tho ahook sliggou-
tionis. A~ ('nhpilo0 of thu heart rivte, undor theno throu conditionsi rovonlo'd
a 51lght nlowlng of the heart for most of tho subjects during the neutral
qnostionimn ntriod tind a groator slowing dturing the shock threat. Tho
averago hoart rat.,: for all subjacts waas lowoot for the chock throat situa-
tion, next slow3st for the neutral quontions and fastest for tho rest
intervals.

Hoart-pilso ).art A compnrison of the heart-pulso lag measured dim'ing
oach of tho three conditions of our ovporimont rovoolod no consistent
chngeso. Complete records, howevor, wore obtainod for only six of the 18
sub jectsi.

Skin te-mnnnraturo anid blood voluma changes:- The tomporaturs changes on
thc tip of tho loft forofingor woro not round to ho con sistontly related to
tho -xnorimantal conditiona, The records of 13 of the 18 subjects were
UG~A. The same abIsor%-o of relat,11on was fCound for blood volume; changes,
vhoro the rocords of 14 of the subjects woe usod.

b~xod Yornssure: No consistent offects of our conditiona on the blood
T,",R sure measiurc. wore ckocted. It is likely that we did not find, any

iffnctE' i!.nusc of tho counturacting effects of local vanoconsrirctions
MVJn mr"+ttur o in the sectioni on inthods of mensuring circulatoryj

I t should bo nointod out that this study wan oriinrily exploratory.
Tho rejnos~f-- oi' tho oxporimnont wora oby no vzoans considered final,., buAt any7
surf-osti ye.

Several cnrJJ.o-vasc,21r rosnonaoo wwc= toxanlinud undor three exmu.ri-ncnt-al
conditions: rest: neoutral quczt-Joni-g, and nmiV strass. 1The !-.Oast promising
of' the me-tnuvo wss Ili%; ht:art rate,, which showod a decoloratior in th.. stross

______------------
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CRAIPTER Vi

MXPLORATORY S'PJDIR." TN TPHE D)EN WiTCM OF 1)IMCJPTTONt FURTIUMR
IFIFFE5TTGATIOW fl 0'H1'WM CAWDTUVASCtOPULA R.MP1ONStES

Introduction

in our firat atudy (tjw 0haptor 7 ) of tho oarelio-voVMu1lAr responses)
we co'rnnarodc thn rorrnrinanst ooeurring undor thrmo diCffaront aonditionat root,
noutral questAnn- and mild 'Itronci, Of tho noaral votiponoa~ z'ooordod,
only one, tho heart rate) wat' round to vary oonatantiy with~ chogoo In the
oxpor imnntal condi tionn.

Vut prooent sttiudy in ooeoritia3Jly a ronotition or' the earlier atudy with
veiH'odf~ ~i~ N tirlen +,n tinnworing~ somenout A'v- quontioncith

sobjacts in tho protiont study wao requirod -to commit a laboratory crime mid
than 11o about it whon quootionad by the oxpori'nonters Tjhoy wore also
niibJoc tod to n stress qrJtuatinon early In the oxporikmonttil procaduro an wall
as at thv ond. The prosent study, then, eniablod un to comnpara tho otwdio-
vasculnr rospornson ocourrinr, durin.t 1) a rent intarval, 2) two stres
situations, 3) non-lying rosponnon, and 41) ),yin rosponnus.

Tho reonnos which weo recorded in tho present study wore the ui 5aQ5
thosc ruaordud inl the praiious atuay. In mddition, nell 4techniqUes

i'rmelasurinR the rocorded rosponson wore used, The responses recordeod in
this study worc,: hoart rato, hoirtcPulso Ing, blood volu~ne changes in the
indu-x fi1nger, changes in skin temperature, pulso height, vnd blood prossure.

Procodire

The subjects in this experiment weo hij undorradue students. Each
subjec-t wav~ told that the experiment was concernad withi lie detection* Ho
was thon shown four -sets of coins: ton nicicals, Kive duneas, two quav'tero
and a fifty cent Dieo.o A cover was placad over the coins and the subjact
was told:

After I leave the room, I want you to take one of the sots of coins
and put it in your poceket (o pumse j then replace the cover over
tho romaining, coins, Whon I retuzrn,M, not 4U wu.. 1 i~ fliA4VW t

you have takeon Later on I shall try to find out by asking you
questiont; rbovit'the coins. If I am not *ucccoaful, yout may keep
the coina that you havc. taken L

The~xprinon or efttho -room and returnod PXter thew subjoot ha
rmoed the coitis. 'Pho subject was then seated at a table and the, apporatus
was conncted., Mile the apparatus was being adjusted, the subjoct was
informed that shortly lie would be asked to road aloud: btit mhat loforo he

d~d~~: readi~ ~ W; t ~i quety and ralax. 111a was told that ho would
be notifiod when hu wax to bci-in read-ng. Ther r--4inlg matter 'was a pago from
a taxtbook, -..Yich was hold ixv-post3on at uoO lovol by a clamp and stand

locetud' ''A 1th. tah-in ont. VAth jo When the asubjet indicated
that ho undurstood the instructlons, a pair of Par phoner, were placad on his
hnad -'nd !i -4icrophono -gas postitionod on the table close WLto ont. h
rmdcrophnno and oar nhonecs wore connocted to P modifiod tano-recordor which
was ird so that the words spokon by the auboet imto T*he microphone
ratir, d thrroinph tho Onx nhorse., after a delay of 2? Itlonds Th: t7ITicna1



o,'aot of tho "dolayod £oed-back' on unauspucting subjocts is to disrupt
their 3pooch noticoably, It war; usciA In thri proaant study to produce Mi
omoAina1 or stress~ situations

Whileo the subject wan rout.ng, b~ooo ho wase iiekod to bogin reading
aloud, a ono minuto record ot hSio ronptnnuon wn made# The rocordor wdvo thor'
turnod O:Pf nnd the vubjout waan alcod to begin -voadinrg. Aftoi' the subject
.iad been roading f'or approximtoly 30 tiooonclo, tho rooordar was turned on
and a one mitmito~ record of hin romponson was maoso Tho subject waa then
told to atop roadinct, n aftor a two iuinuto wait, a ono mitnuto rocord of'
hie rocpcinvos wnfA tnmdao no oxporinontor than romindod tho subject of the
Cacot that ho h:'Id iLnkcor ft'My anto fron undor tho box. 11o was informed that
Eheox~mpor imontor lin goinig 'i.) loewo tho roomn and Lhat ho would conwrnicate
by mons of thlw)o'iid aponlcor and microphono which waro located in tho walls
The aubjnot wia told that ho would bo aeked P, noriuci of quontiona which ho
wac tc, anavwur out loud. Ilia aibjoot wn told to anewor all of tho quastiorw
truthfiully, oc~.touqoto'iwih had to do with the pnrtiou).r opina
ho 'lad talon. 11n w.in rcimindod thart ho would tv porftdttcd to Moop the coins
that ho had tnkcon if tho experimontor wan unaiblo to diccovor from his
rooponses which coins had boon takren. The oxporiiiontor loft tho Subject's
room aftor h,, witi cortain that tho subjact undoratooi tho instructionsa

Aftor Pabout a one minuto delay the rooorder wan turned on and a sorios
of ihl quostinn. vwn Vskccda Th1e quontions wore aaeked at a rate Of ono
qix.lstion a minutoe P lnoh question was Askad Itmodiatoly after tho break in
the nuls3 Unc which indioatod that tho mercury proasuro was beginning to
be applied to t-h fingora Tho quositions that woro ask,)d wore as follows:

1, Can you hear mo?
D.id- th.o ight Suntoff

3. id theda~ ustgoff
It. Arc you c orif astblo ?I
5, Did you tAke tho nickels?
6. Did you tnke the fifty cent piooo?
7. Are the quarters still under the box?
8. Did you take the dimes?
9. Are the nickels still under the box?

10. Arc tho dimrls still under the box?
11. Did you tvdke the quarters?
12. Is the fifty cent piece still under the box?
1.4., D ou VUfool arn elrici1tt shook en youIr loft hand?
14&~ Don't move your loft hand S We noom to have a bad connoption arid don't

want you to got shocked,

About one minuto aufter the last question tho rocordrr wan turned off
and tW l -fhjoct w~as ramovod frort the "appdratus. He was reassured about the
shock threat oituat.-or. and asked not to talk writh othear pctcential subjects
about the oxperimental procedure*

Roesults and Discussion

SamnJIos of' each of the roa~onau o nsauros were taken under each of the
oxperirmrntaJ. cond-1tiorio and navorngod .-or anl subjects. Analyses of vetriance
indicatod that two of our reoponsLc nu.asuros discriminated 'MtWoon the uxpori-
mental corelitions. '..nc he results wao for tho most part negativoe, and

~flz~2
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sinee wc used essontially the su moaouring toohni.quos as wore usad in
Froooduros 6 and 7. where they an dqo ribed bin detail, only a -i..-Y o
tho findings of this ox0 o M \tr ill bo prosentod here,

heart Rates The heart rate was found to vwry signifioantly with the
i5i-ital conditions used In thin axporiomnts TIi order for the condi-
tions, from fastoot to alowout heart rate w~am food-baolc$ non-lio,) lie and
shook throat, Tablo I ohown t-valuos and thoir oerroepondtig prababilltiuo.

SI'NIVIOANM0 OV Dfl-VaI S IN HURT RATE-

Oonditiona t P

Non-lie -- lie 950 e02
,ieo -- ahool 4.L4 .01 [1

Non-lio -- shook 6,91 01 I

Food-back -- non-lio 1.73 010

Fnnd-baok lie 4.22 01
aF'od-baok -- shock 8.64 .01

..... e . ,gnif ican' differeo-nces zo-skin temperature were found.

3Blood Volume of ind x Fingor: No significant difforencos for blood volumeIi~ ~ Ge~ und - - I

Pulse Amplitude: The amplitude of the pulse was found to vary signiftuantly
-F-t " ' ental conditions, The order for +'.o conditions, from largent
to smallest pulse wast non-lie, shock throat, lie and feed-back. Table II
shows tho t-values =nd their corresponding probabilities.

TABLE IIF

SIGNIFICANCE OF DIFFERENCES IN PULSE AWPLITUDE

Oondition s t P
Nob-llod -- lie 2.99 01o

Lie -- shock 1.37 .!0
Non-lie -- ghock 1.63 .10
Feed-back -- non-lie .06 ,0i
1P7bed-back -- lie 8,06 .01
Fead-back -- shock 6.69 .01

Heart-pule E: No significant differences for heart-pulse lag wore found;

Blood Pressure: eo tO local vaso-constriction, probably, no significant
otson blood prossure wore Zound,

Summam~

Scvo.al cardio-vascular rosponso0 woro examinou under sove-s2. diffaront
conditions. Dio most promising rnaeuros for lie-detection wore haax t ratem~ad Pace =mpitud.:..



CHAPTE , VII

XPLOR 1Y )fDR,TIN THE DE'TETTON OP DECEPTION W Tri1.1 MUSCLE
ACTION POT 1 TIAL" AS TIE SOLE TUTCIATORt 4SOULE ACTION

POTI'IALS TAKEN F'ROM OPPOSED MUSOLM ORIOUS TN THE AIRM
7ND4=1t "ONFLTOT" AND 'INOW-OOtIFIOTII VfIJDE1tONS

Statement of problom This oxnorbinont wao docignod to look for
oharacteriatics of mi. olo aolioh potontki1l, ieom o@poud nm~aole groupo
which distinguish situationn involving motor oonrliot botween the muscle
groups from those in which oonflict im abonte A simplo means of Lrying to
sat in such oonflit is donoribod in tho nrooedu'o.

Apparatus and nrocarluro Tho stbmuli unod in thin exorimont were four
8" x 4" oaque ninoti.lc cards displaod in a lighted exposure window of the
samo dimnsions. To suboots woro soAad bnforu tho exposure "rindow. in a
suundproof roori and four stimulating nituationa woro dofinod, one oorrosporid-
ing to each card, as followst

qituation Rt The disnlayod card had un X-mark on tho subjowtls left
and was blank on the aubjoot's right.

Situation L: Tho diplayo d card had an X-mark on t-ho subjiette right
and wpa blantc on the subjoot's lo-t.

Situation D: Tho displayed card had an X-mark on both sides,
, I t'aation N: The dianlayod card wAs entiraly blnnk

.... J ex sr digitalis
Eloctrodos were attached to tho flexor carpi r aloalo ao/mus01es of

the right forearm, the S was seated aL a small table where a shdttle key
pparias, uth a tun-Jlah arm and a stationary "middle" position$ was
stationod. Both forearms woro placod on the table and the shuttle key
pnsition was adjusted for the Sts arm lengthc Four pairod loadv. to a four-
channc.l EMG recording unit woro attached to the apnropriatc llectrodes on
the S's arm. Tho instructions givon the subject are paraphrasod below:

"A nories of cards will be prusontod in the oxposuro window;
some cftrd8 will havo an "X" on the right side cod some will have
an "XI" on the loft. ofore each exposuro, a tone will be sounded
as a roary signal. Then the carcd will bo exposod for a short
interval. After tho card has disappeared, push the key to the
right if the "X" is on the loft side of the card and pugh the key
. t.h -- if .. "m .0 on thM rliside of th card* ihon

pushin, the key, be sure the movemont is made through the wristo
(Hor the exnorimentor demonstrated the proper movemont.) At all
timcf remain as relaxed as Dossible, oxeroi-aing a mini, m of body
Activi ty,"

With these instructions, we should anticipate a movement to the right
in situation R, to the left in situation L. In situation B we might -jxpact
a tnd cy toward "1ovmiunt in both diroctions and in situation N) a tendency
toward movomont in noithor. The anticpations in situations R and L are
fairly certain; those in B and N, somcwhat quostionablo.

After n sham trial checking the subject1s aiility to follow directions,
A .,c oxporimontal room wis clos.. :.nd about five minutes later the stimulus
cards wore prosentud. Thirty trials wore given and, for overy S, the order
in which the situationr 'oro pronontod was as follows: R, L, L, R, R, L,
R) L, R, L, L, R, N, L, Pi R, R XW , R, L.s N, L, R L,.B, R, R) L,N. In
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thin serioe, situations R and 1, each occur 12 times and situaior, B and N,
3 timcos. 7hu first eight trinlai in whioh niturtiaon R nnd L are each
roprosontM- four titnos, woro troatd tis training irials. Tho analysis is
baSod on data obtained du'ing the laot 22 triala, tbe tent trials of the
experiment.

The intortrial nroooduro wans the same for all nubjoots and &Ul exposures,
A tone signal whose duration wao 85 ooocond was noundod. After a throc
second delayj tho nartioular card colootod tor the trial wam prosontod for
four seconds. Tho time botwoon trialm varied around one minuto, depending
upon necessary adjuntmonta of tho SMO equipment. Sovontoon o*donts at
Intliana Univra ty wore run au oubjoots,

If conflict occura and in oxhibited by activity in the opposed muscle

groupr, tho inaroano in aotivIty should manifeot itself during the interval
betwoon the presentation of the atimulus card and the opourrenoo of the
overt response. The maximum amplitude of the aotion potantials during this
intorval was rocorded and analyzed. It was found not to distinguish reliably
between situations B and N. which presumably involve conflict, and situ.tions
R azid L, whi'.h do not. From the b)lief that reliable effoots might
.bc.red b -rnom1 ,gs- Jn ativi -iy during the nro-stimulus interval, a
more refined mialysis, described bolw, was carried out (see also Chap. XX)O

Four tempornl intervals wore trden in the rocordst (1) the two 3econds
immediately preceding the stimulus oxposuroj (2) the first two seconds of
stimulus exposure, (3) tho last two seconds of stimulus exposure$ and (4) the
interval from the end of im.iuw exposure to the boginning of the response.
Th, maximum action potential on each musolo during each period was road,

To ascertain whether tho differentiation or tho conflict situation for
individual subjects can be made on the basis of those action potentials, a
discrilInant analysis was run to determine tuch weights for each of the eight
readi-ns Ps would Drovide maximum discriminability of i ,t-a ion 1) from situa-
tions R and L. From the discriminant analysis there results a single measure
charactorizin" each inaividual in each situation. These - uras are given

W see from the data in Table I that it would be impossibie to classify
situations for individual slabjocts roelabq avan on the vaud ox the best
discrminating variable. To probe the matter more deeply, we classify the
subjects as follows:

,



TOM Ii~ RESULTIS CI DTSCRIMITNANT ANALrYSZI FOR VI DVIDUAL SUBJEOT.S

I

SubjeoN R L D

1 72.1 55.2 6d.sl

fl 67ole3, 7

533

9.. -7 39.1

e6.i 72.0 72.7

6 32,6 1i.6 1I51.9

782o4 6o98 96,o

3 76*5 871,8 7351

10 9o.5 843 910

11 35*.4 4492 20.2

12 3506 43.6 32,1

13 36.9 48,so 411.1

14, gel 25,.o 26,J,

16 52.0 32.1 55.2

17 78,7 57.6 83,0

- I

U;



IfC tho acore in Tablo I for situation B i~ the largoob of~ the t'?oo
4 ~ coroup a 11+1 is niavalpe A!t+ in tho tsmallotp a 11-11 is ausignod; if' It

to in t or-ijiato a 1011 In asdinod. Xn thiat watt, wo obtain the fraquonoios
in Table :r1.

I 110QUENOC D~ATA Mom ISCINa ISCit

01 at) a 0 Tota~l

4Thora in a preponrioraoo: +s in Table 11 which would tarino euta

On tho basis f action -ootontial records fromi opposod mueelo groupa,
situations involving tnctor conlict di!Coz stAtistically from those in which
conflict is absents In tho op,.rimnta2. etntoxt described above, the differ-

ontiation v~ not ra~ff'iciontly mrkzod to porvit reliable classi~ication On
ability assoclatod with action notantiA3. nasuros or it mtv refloct gonuine

contnuo, to poblm o obtinig rlialo ousresfrom each individualIujc ut afcd
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OPAPTER VIII

EXPLORPATORY STUDIES IN '1E DBEMOTTON OF DECEiPTION WITH THE
MUSCLE ACOTION POTENTIALS AS TIM, qOLE INDITOATORt

-USCLE AOTION POTANTXALS TAKEN FROM OPPOSED
MUSCLE OROUP 114 '1 ARM DMtnINO "It"1XV0 AND

"NO VI-47I1F MOVPRM1,1T8 OF TI11 AIIM

Statement of t.ho probhnnt Tho aubjoot in planod in a situation with
instruotions to indionto the anifora " "ott and "no" by pushing a ohuttlo keyin one dirontion or thn otheir, The Mey pi1ohing noonooitates a mvomont of

tWo ['orearm whiclo lih¢olvon the ativity of two opponod imunolo gm'oupms The
situatlon in arAnraod mo that tho aubjoot will sometimos) but not always,
lie) qnd lvi.n' rotsponsco may involvo motor oonfliot in which tho opposed
niaola Proupn act, The oxporimont ie doigned to tout kor outch oonfllct and
to inquirn into the foanibilitAy of uning musolo aotion potontialr in aitua-
tions of thi.s two to difforontiato lying grom non-lyin rouponooo.

Apparatun and procedurot The orpcrimonta2l arrangements are similar in
any r.-s. sp: th.t.s, (I tcribod in the xporimont roportod abavoj the major

difforence oonorns tho stimulus matorials which in thiv sitiation, provided
the basis for lying and truth-tolling in tho oxperlmant. 'Ili oxpavrim tal
arranono tits iiti the recordin of resnonseo are identioal with that of the
pr .~.. s... j.,-i -.1. , collaa students were run as subjeot-a

The subject was provided an opportunity to take fifty contsp in either
nickels, dimes, quarters, or a half-dollar. Crucial questions presented
visually durinR a subsequent interrogation concerned the denomination of tho
particuinr coins he had taken. g e was instructed that he might koop the
M.. sf s. ^111... .. 0 ,aped detection. The equipment was calibrated
during a series of innocuous questions.

Pollowing this, a series of sixteen cards, oontaininRg the questions
liatid below wofre preosontod and the oubject rosponded, according to the
instructions given, with a "yes" or a "no" movement as indicated by the
Ys and N Is to the loft of the questions.

Critical cards
- isY h-f d-fl-r pac'kr.ge under ib 'box?
N Did you take the fifty cent piece?
Y Is the nr+.oer packago under its bo%?
N Did you take quarters?
Y is the dime Dackago under its box?
LN Did you tbcde dimes?
Y Is the nickel paokago under its box?
N Did you take nickels?

Mone cards
Y-'s a dollax equel to one hundred conts?
Y Aro there one hundred conts in a d,,llar?
N Is a ciLr oquaCL to ninety-nino cents?
N Is a dollar equal to ninety-sovon cents?
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Genoral cards
- re vou indopondant?

Are you ovgnitod?
Y Are you the onV hiild n your fwily?

Dlo yutA hwive any1 brohoru or duior
N I your birthday on August i)?

I your birthday on April 3?
N T1 vou' homo in Dotroit?

To your hovio in S% Louis?

Th order of' prosontation of tho oardo wan randoml varied for oaoh tb5)eoot
within tho follow1 , rontrl,otiont,

(1) Laoh hl.ook of fotU' Octir, had two "or iion," quastionon, one
||money" quoutitonp nn one tficapol"t quontion,

(2) 'Wo "critical" cvootlons reforrinr to the aame coin nevor occurred
in the matn blook.

(3) A (Y) tImoney" queation witbin a blook was always balanced by a
(In " .,ora1' questiorn and vice vorsa,

(W1 Sicuesivo blocks nevor had two (Y) "money" questions or two (Y)
"general" quesliot3 and siml).arly for N questions, I

Rosuits

From the response records it was possible to read both rosponse
ampll.tudos and reaction tjnea, Analysis of the response amplitude revealed
no discriminative power* t-tests run on the data revenled that tho reaction
times cwre i %t-lova evidonce of discriminating lies from triith s rnsponsos

critical cards from responses to others, and responses to money czrds
from responsos to general cards. The critical nards wore not discriminated
from the money oe.rds at this level. The mean values of the log reaction
times in Increasing order ae on: (1) critical lying responses, (2) Oriticoa.
non-lying rorioon os, (3) monny card rosporsos, and (h) general card responses.

These data on reaction times indicated the possible imortance of Vhe

tamporal order of evontso With this in mind, the records obtained from theI
1t -,of the arm wero subieotodt +x% a art.her anaysis Six temporal
intervals (nre-stimulus, during stimulus )xposurn, nost-stmulus and pro-
response, during resronse, and two post-response intorval) wore sclected
and the maximum rplitudo of the action potential during each interval was
road as an indicator. Thooo WILK measUrac wes .e noomnbined; according to a
technique described in Chapter XX of this report, into a single
indicator. Data from quostions answered "iys" are analyzed separately from
those occurring on questions answered "no". For questions answored with
"!Yesl farovrernts the o,minat vo indicator was large&- for lyi. ..Aop aaed
with ?ion-lying rusponsaos in 18 out of the 19 cases, showing a correct
classif'icition of 90-95%. -'Fr questions answered with "no" movoments. this
dropud off to 13 out of 19 cases or to 6 -,O%



EPXLORATRo~Y TD3~IN 11 DEM'3OTION~ O"F DF1GEPTtOW:
hAND MOVEM41TS AS3 TIM, SOLE INDIOATOR

As parlor' mag1.oiatia w&U.l know, 'in ividual3 tand to nmulcc nmal. hMov4nents3
toward a hiclon object whon rn~kod about tho na tial loontion of tho objent
and a n:o' tivo oboarvor atn by holding. an individualto armi utilite thoso
moverient cee to find t1io objoote Intorrogntion nf tho paa'tioipon'ba in thin

t~1f1 ignl~~ntri tAhntI (M tllc tnag&ian uoou~ mll movonionts of tho aria an A
citon for hin datnotion and (2) tho individual1 In unawaro of IvIs Production
of' sch omen or (3) if ho iv awara of tho vncoibility of thono movoniontu,

'10 cannot control thoai. I
In the~ boa Ioc. that Laiall intvomnnofI thin Ikind MS)itvb ut Ul'zod for

lio-datection, an o.xporlmnontal altuation wan cot up in which tho aubjoot
tulsworad "yen" iiiid "no"l rovNatllvolW by ar'm niovainnto in oppoaite~ dtiroctiona.[ Ouostionn, noor of which evolcod Li3s, woro nkod olf tbo aubjooto. A tinu
intorva]. was introiucoad bo ~wo,,n tho prononttdtion of the quostion and the

4, 4-s osono to "t in thu how~ that o'nall mavomonfm toward ono side
or t1'to othot(', -hiYAlg7T1 thn n4+..nrr nnnA iamil r lv+m r rc.carlinto , so,,*
8i11Dueci t- ;;.jrj blind.oldrid aind othorn not sinoo awaronotn of tho incvomonta
might clcpefl( on visup.1 cues.

No .Ovi Onco of' discriminative power was found in the data on movomonts
that waro obtainod. I
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CH|APTER X

AN INVESTIGATION OF EYE-MOMM I8 IN DEM.PrION

it io t farly prvalon bolof that liar aradoo onhi of ed and "wis l
not look you in th o eo" Twe purpose of thiauot tiaion in to determine Iwhether lyirg prvlucoa charatoristio patterns of oye-movements which ciu, be
used as indicators of docoptione

Procedure .

Fiffty-two vale and female undorgraduates wero used as subjoctao Before
oming to tho oxporimont, they were asisigned at rmidom to one of the groups

Upon repoting for the expoxrimental sessionp each subject was shown a !
closed black box. inches" aquare, Ile wat instructed t-hat,, after B 3l&ft the

room, he was to opon the box, oarefullv oboear the interior. to raid Any
in-aruction- inside. A diagram of tho inte ior of the box is shown in

'/I nI
W, I I

I

MaI

WE
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Oro W, (Motvato Lie

For Group D1 , the foLlowing trvpowittan instructions wore placed in
thn box:

"Ploave road those intiruotiona carofully and bo suro that you rew:ember
hat you are to do#

"You will notice that thor io a ooln in tho box, You may take the
coin, Plonro notioo whore in tho box the coin oamo Xrom Maon you are
questionod., you are to lie on all quodtiond oonoorning the coin. If you
deceivo the exporimaoitor you may kmp tno coin Now ouall tho exporimontor
into the room.

"Do suro you havo road thooo inatrutlono orofully and undorntand them.
"PLEASE REPLAZ, INSW UOT10ONS IN TLAOK POXO

Grop T_, (Uninotivatod 1,1o)

"Plonno road thooo inotructiono carefully and be auro that you volmrnber
what you aro to "o.

"You will notice that thero in a coin in tho box. You may take tWo
coin, Ploa. n.to w ihre 'In tho ho- .lho ooin o -n from. Whon you are
ciuostionod, you SrO to 1.o on all quontinna conoorninq tho oo1n. Now call
tho ocorimoutar into the room.

"1,o 4Jr;yo hav raad theo Instruction; ornfoV4!y and undore tnd thm,
1,PIASE REPLACE I RShUCTiOiS i' 1LAWK 11M."

OGrj, M1 (Mottvatod Honest)

"Ploaso road theoe instr%%otions carefully and be sure that you remember
what you are to do.

"You 4ll notice that there is a coin in the box. You may take tha
coin. Please notice whore in the box the coin came from. You aro going to
be questioned about the coin. If you answer the.o questions truthfully) you
may keen the coin. Remember, to koop the coin, you must bo absolutely
honost. Now r ,1l thl oxparimontcr back into the room.

"PLEASE UkPLACE I]ST.1RUCTIONS IN BLACK BOX."

Grop UH (Unmotivated Honest)

"Please read theso instructions carefully and be W'vxe that you remomb r
what you aru to do.

"you will notice that there is a coin in the box. You may take the coin.
Ploso notice whoro in the box The coin came from. Wheon you are quostioned,
plose tol tho truth tbo any questions concerning the con- Now call the
oxperimentor into the room.

"PLEASE REPLACE INSTRUCTIONS INT BLACK BOX."

S....r" M'^ "^Ci - on +.roi

"Your instructions arc si.mply to call the oxperimantor back into tho
r'oom.

R.Pf2,,, V7ST'RUCTION3 TM P L1 -OX"

For 5bio ct in lroins VML, TIT,, 14H, and l1, a 5C-cont coin had boon
placed in saL or the quadrants of +ho blpcl box. As the instructions indi-
cato, thr. subjoot was ascad to take. the coin. For Groun NC, no coin was used.



Aftelr OMPIOt-in onu ol tho above procoduroo, tlu 6bUbJOct wats Called
ini'to annthor r.)om, wilt aoat.Ae,, and hi, head was positioned In the head-reat
of an onlithatlmograph (American Optical Conmpany)j the ophtha~miograph wasi
modifirid so t~hat heirioton+.n. eye,,miioonotitU vorO obtained from the subject' s
right nyo, vertical rioveimentn froin hia lattb oye, These oye-niovernents were
I-ooorded photogranhical14 on 35 imn film by moans o.L' tho coi-noal reflection

Ater foouasint, thlo mallloot In, tho Pllxm motor vinto atnrto' ,knd oyG-
novnmoinrto 0iotogranlicd Vor a period of' 10 B0econdus At thin timo, there wiae
Inaortcd into tho oard lialdar of' tho ophthalmograph a diarw drawn to
Junplicato tho intor i.or of' theo blaoic box ,Croi which tho coin woo Wtake DEyo-

m~cnrnt' Tr anothor poriod of ton ricoonclo wore photographod,

Noxtj the nitblct, was instinuctod to look at onoch quadrant, boginning
!ith qvadrnit I1a "hotopraphia rocorda of. thoso inovoimonts woro madu. TIMS

A ,nimn mvavrn o'f magnituda og cyo'-movciionto for oaoh aubjootp and lator
rn~t~uds wore4 ,ominarod tntninat thono,INoxt, flhe' fn1'owing quostionts woro rnakod, at intervalu of .10 seconds:

.. is~ yon.r nmu John (or Joan)?
2, DidC voli tn1ko a ha2.C dollar from tho black box?
3. Dn You liko binbixll?

111 Di vou ta'cu A half dollar from the maction of the boox1
I rinumborod

~.Woro you bonin the sltt of Kentucky?
64 Did 4ou11,-o ahalfP dol2.sr Croi tho sirc-tion of the box

nuinborod 'Ii~icpe
f.Did you take a half Jol'lar from the section of the box

9. Do you wo-a glasaos?
10. Did you take a half dollar froni the section of the box

nutnbcrod ?

For mubjoots in Groups NL$ My1 UL, and UH all of the above questions
worn asirnd. For vbjects in Group NC, only Questions 1, 3: 51 7, 9 woro
u.,cd. )Nririg this time, oye-nzovemante. woro beling recorded continuously.

1*Whtt is the ef foct of prsni-ng tho card containina a diagrom of
tvfl'.! Irituriekof tLrivtt. k L)Luz EO?

Mov-,ronts during the 10 second period bofore prooentation of tho card
wore comparnd with movements during the 10 socond ixoriod after the card. The
rosulto of this Bofor'p Card - After Card analyrsis aro, shovnx in Tabla T. In
all group, thero was anf icrao c-rf-o to look toward the guilty
qundIrrnt. This incroase Ocakirred vih2.'hor subjocts wero instructed to lio
or bu truthful, whether ntiv-xtod )r unmotivtod. The size of this increase,.

was Proa'$ 'orV 1.'a U-U. s rthu ubjoeTuM

For Quotton 4, thr. numbor of the guilty quiadrant wia used.
2 Guilty Sundramt fs duftnod as the quadrant from which 5 tookc tho coin.

r~;;~ ~ - -~ ~ __~ 7
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I JINOTTVA TIPJ)
Atr al6 AftQo' .32

TAB3LE It
Df~i oroCrd -- Af tor Card Oorpirlm

TIn -t's 1.bb sihows~ roaivo frucquuriey of modvoim1int to nuilty quadrttnt, for
ench rreou of sublautov, buoarm tnd od'tor nrocontation of oard oontaining
ding-ram of i.torior of' black box.,

' 1)to -- 1QMdd wun-17Ion o)loit a iffrn nator o yo-mtiovoinonto
from tlos- I _____-ii CI~ io

For th--rao .yi~v tivo £roquanoieof o yo-movamonts to guilty
quadrant for Qiion tion 2 o'.-rparod with tho Poolod InnfoGornt quolitions (Qtios-
tions 1, 3, 53 7, wd 9) woro coimpuTad. Tah)1O I1 shours that Croup vM

* (motivato~d liirs) lookcod at tho guilty quadrant r~atr.voly moro for Quostion
2, iwioixas Group U11 (urnotivatod honeot) lookod at tho guilty quadrant
rolatively juas*3  Tablo 11 is prosontod as n 2 x 2 tablo wit 'h "Dishonosty"
as ono variable and "Degroe of Motivati.odltho other variable. An intor-
notion bctvetin thoe two variables is apparent from inspoctio'.

HONEST IZARS

5 groator 7 groator
MOTIVATED 3 loss 3 less

UMOTIVAMIM 7 loss 3 losly
2 Jm BMsW~

TABLE 11

Quont-bon 2 Movestionts 1o~,tizod, vith M6vibn~nt- to, Poolod- Ithzccnt Qutioins

Tablo above numbor of o~'~ionts -6~vn rimatarw int to guilty
quadrant for ( uxevtLof 2.

In:--bi Tpp4iiti7report; , -'9H rwo oatc4l M3l-v -4n a fa'ac or-ir,
zbtja- t -t~ 0.bova. -JA diaa±nificanco of thoso rosalts h,,%



32

Inth atotof oy.mvein alot y loridoc quootinrs rtoati.-

than that 61MR___ innooont gg"Mnou

war ',rojectodi on a standard grid noroons, lbo mnoasiva of oxctont uood here is

the: ;.tio v.1 tho mag-niAtudeof ni maovoniont to theo tnnnitud~a ot bho provio'sly
obtainad instrtn~d rnovomont in tho a'anio quadrant"V Wei mo'acuro was onlyU
nindo for tho f irst mvament i.n roarono to oaich qucetion.

Tablo T' I shown bhoso ma gn itudoo Ror Quootion 2 and for the Poolod
Tnnooent quouttona. Motivcita tv ib~notn nhow a grontor-s'tWod movoinant to
Thoation 2 than to Pooled Inrnooont quontionav For Unotivatod aubjoota) tho
direction of' this diftoronao was rovoruodo,

I I0bPST LIARS

-1Loftio" 2 lv68 Question 2 1&20

MOIATDPoolad Innocont 113 Pooled Innooont 1.09

~NOTVTE~Quastion 2 998 question 2 .84

(MOIATPooled Tnnooont 1e49 Poolod Innocent 1,31

TABE 11.1

1Extont of Movomnt to Question 2 Compared with

Extent to Pooled Irinooent Quesotions

It. o eu-mvomnt~ i' ~uit~ ub~oots diffor from those of' control

The rnnu1 t, for Quev'ti-:n 2 wore -LO AK~wc to lM 4et-rC. -ho mn sbjecT

in each group oxecadod the control group in rolative froque nay of ayo-
movement to tho guilty quadrant. Tho results, in Table TV, show that moti-
V&WU df: i-floved %tjr uia to tho guii ty quadret mora froquonTAY' than the
control group; unmotivatod honest sibjecta showed this movement loss

Inaeffuch as5 the movoment, had bori prrov 4vasly brokon into horizontal and
vertical. connononts bly moans of optical apparatus) it wasw necesary to
recombina tho two J.-rtc one magnitudcG. This was computed as the hypotenuse

-) ~ o" a right trianale whose horitontal, and vertical. cdes aro known.
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HONWT LIARS

5 grctitoi 7 greaterMOTIVATED anilo IVM 'Vm- 5 lo tio 4 l o co

2 Aroator 3 greateri-MTTVATED

9 laic6 os

TAUTZ IV

Comparison of prtriartal roui with control groups Table showsp for
Question 2. numbor of ubjoote moving eyen to gulty quadrant, with graator
frequency, and with .ess froquonoy, than in control group,

- , 1 1=U-1t1 iubjecto al.ow ditfaounoes in e-.moveomnts from control
Usubj ac ts I ov-A--r- Tnnocont M oml

Was there a tendency for gu:ilty aubjeots to move their eyc toward the
guilty quadrant, even on the Innocont questions? Relative frequency of
movemcet toward guilty quadrant for theoso subjects was compared with
corresponding figures for control group*

The expr.mfital grouns showed a tendency to makc fewer eyo-movemonts,
on the innocont questions, then did the control group. Tnose rovaits ar o
showm in Tablo V.

HONEST LIARS

2 greater 4 greater

MOTIVATED 7 less 7 loss

1 88Jmh

5 greater 2 greater

UNMOTIVATED 5 zss 6 1ss 1
awe I same

TABLE V

Relative frequoncy of eye-movomonts tc guilty quadrant for innocent qtiestions
each group compared with control rroupt Por example, in Group ML four
subjects excooded the control group, seven subjects wore lower.



W1h~b this r'osult adrds eont~'ay to oxpieotitiorap it might bo oxplaincd
by aseumting that the subjocts in tho oupinomhttnl gro~rpe tcnd to kv9 Id thl
ppilty cltdihht, th~t 4 bW Avoidanoo 1,ondcoy id t';orr3Avri by OPPOe i
teldoflCioa for loadcd qdobLtiona# but that# on Iiidooent quotiortig thie avoid-
dtco tundency oportua~ to Th~4or froquooy, of niovemonto to tho guiilty quadrant.

1. Prk-sontation of dIiagramn of irntarior of laock box onucod mora oyo-movonmonta
to guilty quadra'nt for' all groupti of subjoottn, The aizo of thia inoroasio
was greater f'or tinro thrin for trutlin'ul aubjactue

2. A loaded question (such na Quontion 2) oaueod mloro froquent oyo.-"ovonients
to guilty quadrnnt foi Motivatod Liarep faoroi iovomonto to Buiilty
quadrant for Unnotivatod Hono[tt

1- A l1='id ouotion (such av Quootion 2) olicitod oera-movements fgrae
maRn'do for Motivated subjoota, movonionto of lanno? mnitudo f'or
Untfli v ted eubjoots.

h.Subjocts in the oxperimnontal groups (otspooially ML', N ud UL.) mado
rolat ivoly fewer eye-novementsi to guilty quadrant. for inflootnt quat-tional
tan did the ,-op
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RESPONSES OF THE CIRCULATORY SY(STM:i THE B3ASIC
VARIABLES AND VtEIR REIATIONS

The respcinnoa of thno ilouatory oninto urn thought to be ofl great
importance, in both theory and pran'tono (Mowrar (Ui) torn exampl. anaignsI thUem a prinicilml rolo in hin theory of: am-tloty, rind itn thno nuad lie-~
detootion tonlhniquei Uoud promntumt In ono of tho mulaor variabloo) and heart
rab acrnparonti y n nubaidiary ona) * Tlioro awo it proat innny fiitorrolatod
nvnnt-r In thnol ciclatory cyfitor, many of wihoh codd2 bu rcioordocl and used
ns indicni of' ronnn. To know What coq(uonoo of ovontci may hv mot off by
atimuintlon -and to ohoonm Prom thonno ovanto Vhe onon whinh aro bout to
rnvrrd (iqiva thn ninnt informatton vith tho arontoot oonvoniaoo)) it Uo
ndvitAngooun to oonn~eljr tho dynconion of the roe'nonno oyatom ndr then to
chook doduitin Crom thimn knowleduo with data, On som~ nointa) howover,
rivnilnbln physiolori~almkowlodgo loada to no oxpootationn) and it 'nay be
noticonAry to prooord nitogotibor omoiroallyi.

Thce intorant of nhyrvlolo"~ mid bionhysioo has boon chiofly in tho
regulatory tneclinisms ofl tha oirculatory oystem. Their problem has boon to
undorstird how a -,Arto of oqillibriumi Is maintainod in the ayotem or how the
syt-'ein adjusto Qc a disturbanoo onoo tho diotuz'bance has boon produce For
psychology th, In borioat in nomawhat difforent: it nooda to deal with
responson ini-ttatod by ovonts outside the organism. The adjuntmont of the
systom to distimrbancoo w1-thin itsolf will thon bo aoquolaop rosponvu-s to
reaonono. For psyoholog~icol nurposas thereforo it is necessary to conaidcr
Min Pardio-v .i -r oomrlox as a r-isnonso syntom, tith en input1 an output
and a nt-pbor of internal couplings which aiffect the relation botwoen those
two.

What in con-d-derod as the output of the system will dopend on too
particilr purioses of the investigator. In caso he is ntudying the of.Ceot,,
of' circu latory atato upon behavior he would do best to locate tho -points of
coupling b!tweon the circulator3 system. and the nouromasocular svstem which
exacutern the bohavior in quantion, and moioro tho circulatory output
deliverad at this noint. Very likely Iti output will, not always corrospond
to tho biologically ossontial, output of ohomical substances from tho system.
Onc of tho known coupling points howovor would bo the output ofl theso
3ubstancos to muscle and nerve, for muscular operation would be aff-.ctod b.y
thoir suvolys (Darrow (3) has discussed this mechanism .for the brain.)
Vificural-S)CA.0e..LU ralitoXua (lho,4) would ba m-othui courpl-ig mhtmism.
Thu invontigator, homcvor, is at procont handiieaod by lack of information
on thoso ommiin'7A and their relativo irnnortanco,

Onu may on tho other hand be intorosted in the reverse Problem) that of
dincovorir, tho antecedonts of tho circulatory event. S~uch is tho caso in
lio dotjeticn, for tho oxorimontor winhes to find whether tho subject hae
liod or at leact wau intending to lie, Hie is not particularly conaornod
with the offects of tia viaceral rosponse upon the future actions of the
individual. His guiding principle would bu to select a63 "output" somo
variable which most losl 'ct h nu.O goneral grounds one
would oo~t this to be found. as near as nossiblo in the chin of evonts to
the innut. whore there would bc. lrast opimotunity for it to be transformed or
to be corrixptod by intorvoning- *vonts.

be tho irivostientor noeds to -look for t.he basic variables in the'l
oirclatoy sstem an theor.ins of their varilatioin, to decide which will
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beujt. r )floct innuts to tho ol.-stum coming from thoi oxtornta roceptors; ana to
dovise, moons for rocnrding tho ohnon var'lablo no aocuratoly and cornvonkcnt),
Ps Possiblo.

In circiiIntory ,Ae~jn+.Imun+,n 'mtrni1Pl 1uotoio ci~ ya

I nortant rolq in thn long' rurt. Bunt. If ono in Intoroatod in tho affects w~hich
occutr In a fow soconda folloving n ntinuluo It floomai Dropar to oi~pl;U'y the
nroblo'm byt nnrg1onttttr thoro r'oTtively long~ tormn offootti. In the .followinty
nnnalynis, +thoraohral littlo nttontton ia naid to the hormonal and othar

Theq. randinuntnI l'trtcuo nP'Oo tho zttorn io a ralonod hydraulla loop
conti ninrg n fmrnci numpe* (-fl,,'a 1.ooy) oonntnta or ourao or' two stib-loopts
tho nalmonary tind pnrinheral, frmning a £J4~ure oight no It wore, W~th t. o
hnal' of' th1w htrt iii ach nart.) F'low frolt thn hoart Is maintainad by the
force of Its boat; hut tho prnnurn griAdiont it produo doolino 43lnioat to
vtr in, fln wurmilniinn iand oxtra eaotomio forono aro nooootaary to returti
the blood (Pondor, 1l (Ironn )*Toeaenoiddi motn esr
bV the nompronsivo rtion of skolatnl itvn nontraotion and by the nogativo
Pronriurei lIn Lho chesit cavity which, rooultn from ronpirabory Moe'lnontsi. Ani
tn hydrrod't1 C yntomr, In gonora! Lhare aro throo phynical variabloo, prowoiuro,
1how, and resivoLmin which docr-bo Its otx'.ration in a steady atato. Thboe
tnro roltted tri nach othor in the qi'm mpwnner a5 thoir olactric-a1 analogies,
0.nmfJ., oiu-ront, snrl ronistanoo aro roJlatai by Ohnts law. For a stoady
VtAIM, thernf'rro, any two of' the variablos would spoctify tho ovnr..alL otato

Phi+ n,1 ('orno the system Is not in a stuad I !tata: tho pulsations
Introduced by tho hoart and tho anoriodio responses in Aich tho psychologist
is ty ,orostud continually introducha charngos9 into it. BecAuso of tho olasti-
cit~y of V~ie vossel. walls tho systain 18 physically reactive to the changeo, aq
an oloctritcnl circult containi induotanca is reactivo, The disturbance

will +. tnoo rduca, a now ateady state, aind thr w-.3"'i bo n~
dofinitc tran!!t-srrion timn f'roq ono Dnrt of the 3ystam to -.notior (King, 12").
Thus in tho rosge youn.g aditlt i. talcos about ono third of' a socond for a
disturbanco to travol from tho hoart to tho fingor tip (soo section on pulse
Valocity in this rorort). This hydrmilic conduction is, of course, much
slovwor ftban most nerve conduction, yet much fastar thcn the traneroort of
hlood, Tt will 'nrocood in both cdiroctions from the origin of the disturbanoe
oxcont. nt the heart whore thn vallros prevent any substantial baekwtird
trrmrnsion.

Pomriard trAnoniision througb. tho heart is, howover, of tho groatoat
imnortanco. T".. talces pisoc bocauso tho force of' tho boat is Drincipally
duthormlnuci, without noural intervontion, by the distansion of tho ventricles
which itst.1f donno j.,on tho local venoup p; rassure, according to Starling's
"Ithw nP thu hoeart" (Hoff, 11). rhis pressuro., in trn, ir, affactod bv anry-
thinN~ thnt happens anywhoro in the systomo Transmission of an effoct across
tbhj hort on~talo fiirther &dely, sio tb~o heart boat cannot ovon bcgin to
chnr' in force uiitil tna next systolic contraction, On tho Wforago this
dalay w-OUld mmut to Abouit half ak ho-art dyci-,c about a thiLrd of a socond.

*For the basic nhysiol.-icn1 facts rel-kaex' is aced on (2, 5, 6, 7, So 9,
10, )Z., 12: 13, 15, 16)t Tht. interprotations,'howavor,, aro tho rosponsi-
bility of tho vrite,.,r.



Wi thin tho circulatory syntem Uionrc rru a nur~b-,r of Thogulftoy
muttj-in'rn- smnn whichi operatce an f ov1-1,riek. Cortain of bh!7o nraiAn tw in n
nurqativ: dircetion tunfd to innintninr hononntnals; othonrs, with r'osouct to
cortnin \':,Hnblon n. 1 .ant,; Vtorrit,,tr i si ponv1t~itt Prtilion nnd txnd -to
nxantgornto nov diiturbancm. (TI~nirin, 2). ECinLu mf thoi food..bricks oporntu
n1inr'thor 1w hyrdrttl i. tranuiftIdtti~1t fIhrp nn, norail reflaomtj Th.?
simnlQrst tc (.d-baok moolitin-I.rn parhnpri iti tho nlnnticity ol' tho vnacular walls.
An incroast, in rr-noiin- prnthinml niny IVy i trniijgor haart, boat will titrcotah
Ithos~o walls, onrgrinfl, tht, vnltimt of tho ttytm, thorahy roduo~ng tho
prossuro within it in nomwt dolro Thiv wotild talto abciu R third of a

MAIP ntntod niovo. rltho dltnrtion iwould tliio koop nomrn blond from
r~tirn,- 1-.r th ' livart, thorcs boing morn room fnr it in tho voortolne Tho
vortrialt' wioulo- nnt fi it ron rnn-Viy rvni tho nrixt cyntolo would ba wonkor
Vucii thc' veftrilol would ho loan tintondod, Ise tho disturb.4rip Rorao
iiurn hy nlow r. movo"d thitt would bo nuftoiunt to roduou the artorial, proontira
ndu rurmit th- poitihonal votiooio nnoo moro to rouino thoir normal iizo:,
riituridift itp h ivnltii to) UIt ori! i.1110 stit till round. A baloporary mc1XTion.
tion of' tho poriphora] roint,'noo vairiablo will hAvo broug~ht all varlabloo
'Dack to thul~r o igtutl otato.

Aiut shconrI tho dintiirhingr I'roi 'ho cont-Inuouc, no Lompornry adjurjtmont
ri' p-rinrhoral roulotantio or -inything aloo in tho svntom can bring baoic tho
orl-11tnai stat,% of' n.l3 vn.rrl'hlne# Tf a prossuro ts continluously ropliad to
tho, vorston oomot-hing must ho adjustoci to oppotio it. Norgy clolivcirod to a
sys~ihkm cannot. simnly vahioh, Ii' tntorna"l nrossiurQ i0 to bo constftnt the
Perinhoral rorc*..tanca ffast romin Jowrod) tho rato oi' flow Incronaed, orl
both. Mnrnirical evidenco noeds to bo oxnuiinod to soo whothar all three
variahlon nrr, modified undor tho,3o conditions, ronchiz- a now stato of'
equilibrium, nonsibly t.hrough a saries of' ocillations dopondinr., on the
dampinfg r-otitrmnt Mio tho systom.

The, oan.7ticity of the voecl. ivrn)l hins anothor result which oporatos
to r! -nat vn4. t% 44 ;jw%1111 A t~ti 1%nnomo More% iiae n one raviy

than Ina ai-inthor incrond bloodA rnnvurn will stro tah itil flurt-hor thown
alroady rdilatt.d (Groan, 5) leading somotimos to aertiour; convioquonicos.

An Important ne ural fogulAtor Jis theit rcifloy wioso rocoptors aro "Located
in tht, aortic arch nnd carotic! sinus (Iloymans, '10).* Thaoe roceptors are
stiuilat;cl by nreossuro in tho artorius and arr; normally in a state of activity,
T -osc, oxc1tationn nro ctvriod to tho vasoroprossor contor by tho vagus and
gloonrn -jii nornros. EffIoront imnulecor (pairanynathotia) aro thon
rotburnud to tho huart, slowing its rato, and to tho walls of' tho vessols,
causiing thoi to dtoo Both thoso ch"',ngos would lowor tho Prossilre and
make thu roflon: a nogative food-back with a stabilizing offect on pressure.

A simnilar' prossure reflax oporates from raceptors in tho largo voins
noar tho heart over a vagus fforont and a sympathetic offoront. Anen venous
prosmlure rtse-s this roflex produces cardiac acceleration (Bainbridgo roflex.)
nd possibly vasoconstric~ion (M~cDowofl. rof lax) (lBcwron, 2). TPhoso rof lexes

thorcfore rto nrfnn fm-A-hnn!ki with ft positive s[,!e. inareased vonous
prossurn loading to cv.:.its which produco a furthcwr increatie in vonous

proouro.The rolations of this~ to the nortic arch rofloxos scorn not Well
unurtoDixO thoe on. hand! thu nortic anrch rcf~nhxoo, srcor to bo dominant --

in~~~~~~~ th, bu~rnte ri~ -rW~~~~~t , or therei would be- no stop-
pine. On tho othor hnnd thoro zr,, (duri.ng sor'o kinds of stimitlatiofl for
axiamlc) occasionS wt.en heart rate and vnsoconstriction arc naintal~nod at an



In the regulation of' moan blood prosnure, varlationri In hn-rt rate sem
to bo of much 1tose importainon thnn variaitluna in periphoral rosittanko. Ovor
the normal rningo o1' hoart froquonniaoo tho minuto outpub of' the heart varit3s
bilt littlo with frequoncy (venoun prooriuro lualn consant).* The voin
njoewiot bny the heart ait iiich ,-it~rv~ Adll Vaiy onnug1, to Comrnsratei for +he
rato. clan, 14cai~ ci h VrnJ.Ot ini LJttm avaliablo P'or filling of the
vontrioclaati rron) 2)e* llnncc It is uriunl that. hrnrt rate is driven by
blood nro nnuro I.n n gnvtlvo C .ishlon thronalh tho donronnElor ro" al , rathor
than vloo-v.vci-a. Mroin low) (llo.Cr ii)s The as ono f.C uillo Proouro UL
nomnowhat difforotit. tnaamruoh n a fanitar hotirt raLo will1 allow Tont,
'v~vilxvuiar t'I Unn Lhn mtrolzo voino tit tho hanrt will bo roditand) n.thoiuc:h

tl'minuto~ voiwno remainn al'out crmtante Tho rnizo of' tho rnsurn 'Pulau
Llioro forn woii)Li hn roducod, other ithJ uge b(Aify ocual, whan tho i11gart rito

Oitily n ouah oritiiiato iifinn(t)Iblu for tho tii Lakeni for tho autonomio
tonerbsnieks Lne onorate. *Latoocinei for tiutonomio rooponnon externally blitiatod
MOMn t Ilk Or i,100 6OrOV' 'O' a nocri or inorot In an aiitanoirdio-atbonoio
ret' wx ono rfli'hl. i~uosn tho timu wn'ilA bo t wlne n 7roat, flinoufltingL to sovoral

2 thA~rin )iihl hilk vI ooi,,Th 'on dc~gB) tijw vabion in thn notahborhood
of* 5i",(lP 11). Aftor thoeo~nnaton of a rditturbing factor the oriltinnI
O'idl I rlu-M Is nii'uarntl., not rnstnod for upward of a trinuto (Wo6ine and

,.io .ont. imionrtan. l".nui'.l to the oirculatory system, fron 'tho standpoint
of the bo( yla lconomy, in the offoot of l.ocal muscular activity. Tho metabo-
litern of oontracting munclo will -oroduce a local. vanodilationo As this ix

p obiYf z~lzaively slow7 nrooocisp howevor, its direct inl'luonou may be
ifTgro'rd for the prosont nurnovos. Aside from t~,s, and other humoral oI'focts,
tho in t"to the circuAlatory systom are both neural and mechanioal. Tho
most cliroct oiffocts of outsido stimuli. aro ovirlontly improsue.-d upon the
sntf~m nourally. Thir. coupling with the external. vorld occurs at two ).oca-
-H on. !n Lho rlyston? the heart and the vasr.ulnr walls. Tho "reaervoirs"
nf' Jolo-nh i ci as tee spJlanctnic are sometimas spollcon of as though they
conqti tuitt: yot another locuis of input. Sinco thoy conaint of vascular
notworks, th-3ro would scorn to be no need to set thorn apart, unless it is
shown that thov have somo s-nocial Status asido from thc rost of the vascu-
laturo, At each of' thno situs th" effect 'nay bo in aither positivo or
nr''nivo ellrnenHon, nA oitbr-r af.Voct may be tiroduced by direct or Invorso
actinr norve Mobro (for the heart, nrossor and donrossor, for th,. vucssls,
toonitrli-,tor and dilator).* An incronse in the action of ono !5f thoca will bx

%0~ ~ i A.I.V - Sign to a docroaso in the action of tho othor, For tho hoart
tho 1direct actinpg norv !, (Prossor) fib,.rs ar Vymotrthotia, the inverse acting
one'll, n~rrymprtthtic. --or tho vosa3ol wallar thy &L-rveet Lti A.V zu--XS kfarO-
111trictor) aro irrinath,t'ie, tOhe inv,.rso (dilator) ftbcrs, on Muo otbor htnd,
are oaraoymnrtohotic, nsymoathtic, by origin at least, and som!!tic (Barron, 2),,
t la t+-r crnduct tho -uriouc antidromic axono r )-exua which WOUld P~roduce
vasex-Jilation -orlinrily nt tho si to of 'timulntion.

With two mocl'nlm r'n" coratt, a'rpotl nd havinV' a rciprocal
centrnucef!, ~ to (22' it. wouild cr o b-i ,t i-wIch once is stid to
nrodi,e! a f~vr offort. 1;i n~hr wc'.l ,i Tr b. c,)ntrt1.-iin~ by r, (-hang-:
of onnnritL sJ:-n. N, r ar W - .'wv r i ! r.r In ii ch It, does m-i.ko a df~r

c~c:~ '~nocr mf!'. ri ci, 't vvrh ,iid thu) othur pairnsjanath,'tic
-i -touiid CAMn, 1,-'o '11,- ~W~i~u, b,. 1J..f, that Vie : imnjhc-t~r iv'~nu
_f,-t 1-' I -- r j" Y -i t v (-r' nr'r"n m. P s w; 'hoiiti -xc ':m t, t, r i ('



rocip-nortl antion tit only ono sito.j at othors a variattion In syNm)Athct'1o
action wi thout miuch change in tho parasripthatios Th1in Imfplicati~fl, nr
couro, nooda verifoetion byr obsorvation. In the ancond niace the extornal
recentor-- !'or the two nyvtovtl andI the nathwa-yU landing to the autonomic:
centers are Iorobsllv indepandent, and not rocivnrooAlly rolatod. Hance i i inI
nonsiblo that both should ba notivatod or deactivatod at unoo Wi~th L
central reiirocal oonneotion having lao thanl norroat trarimminnion thin
';ould nean that both sysorn would dolitvor Inorotonod diaoharpa to the olemonts [
o'f thon (irculatory iyntam which thoy control& ThIo would provido opportunity

rr+ho prenns nand dopronnorn to vary oonconnually an wall au roolproaal3.y
and wwCiUrl hth 41, origin of the atato of' gerora2. autononio oxoitoment. pon tu-
lated by Arnold1 (1). So it~ in naaesiary to rogarri thn ontributior. of' bvth
tdirect anid Ijnron oparating myotoms sinco the action of ono cannot simnply

ba infarrod frnin flh action nf tho othor',U
TfI; is thoiht that foir llio heat I'h para uathoio circuits arc the

moro inortnt. (1hoff, 11)# Adronalin ad&iainistorod in amall dosn genaal
brings about a nlowlnov of' hoart ratoe * Ths aems to moan that it £irat
raises Vic blood oronmairo by vaisonontstriction, and thr.. thia prossure oxoiten
tho pans pathatic 1'oflonnf s+notnlv oiffset =ny diruct praosor aC.Vot
It ma~y havo on fl io hiiart, Proviiinably a dIjmohtvrgo over the pressor Moro
would bo similai ly outwoliYhods On the other hand the experiment soems toI
nua-w'-nt that rnrr'harallyr tho symirathtWe hao ralatively moro effect*

The neural, na~thways from oxtirnr3. sonso organs to tho carcliowwcilar
,mmte n"e qtit.'i numierous. Tho ctimploet, of' courso, is the already7 montioned

axona ref.Lox in i-rhich afforent norves conduct in both diroctions to Droduco
vnaiod ilatiton, Moro comDlax routes for both direct and inverao acting systems
Tnrobabiy, 1 ic- throuqh the spinal cord, through the medullas mid suporintposod
on those tiowilh tho 'nid-brain =nd thrcough the cerebral hemispheres. For
the vasocinstrictor effocts, it is naid that stimulation of' any of the
afforeoit nervus (excccit those involved in the carotid. ninue-aortic arch

in' ±nco'.y'li nrodlice thom without nocessaril.y av!.-6 any -*?uet uCot on
tho ho art (Rarron, 2). Tho act1.on1 of' the sympathetic in constricting poriph-
0: al -eedsols is usualy hr o4i,hitl to beo spread throuph the whole organism, Its
effects, however, are not the sawmo in all rersions. oh vasculaturo of' the

brA.I, hurh tInervated boy Vne synmathotic, is little subjec-.- to the vaso-
conetrictar reaction (5chmidt, 16). Consequently a general. vaaoconstrictten
will havc, th3 ,onoral effect of increasing the blood flow through the brain.
In muscular and glandular roe ions the vasoconstriction ise also dixffrential
boanuse th., local dilat,'Aon (t rocluoc by the moitaboliton of' local pctivitios)
J." nranotcnt over tho vasocor striation (Hoymans, 10)0 Constr~tction in the
less nctixo D~arts, therefore, will forco more blood into those activo parts.
Vasodilition is ronortod to ho nroducod by the stimulation of cortain local
rogionv, 1)art .1 of the sox or rans for examolo. * rosunuibly the pathways for
any of' these, as for prossor and dcpresuor offcc~ptt on tho hcart, 14rald hr.,
throwuli th,_ nutonoinlc. conter s by mioans of side branchoe. frrm ascending trrcts".
or b,, n return fromi the eer,:bral homisphoroo through tho autonomic centers.

Busidcs tho diixict neural inn, to to the circulatory System there arc a
rnumbor of ntochr'nical inpuIti. A rosnonso (to noural discharizo savl taking
n] ace 1-n sotdo oth.or organ svsfom qay irpingu unon the vascular syatoina
Esoocially important action of* thiv s-ortv comest frov. T hc skele3.tra musclos an d
fromn the ruzsniratory :wztom, I'ur-:'1, !'etv t ; te 1oceKI. Offct of
A-413ting t bloci ve.:'. 'P, so that ;1, -ixrcisc there is a copious blood

51~~r~. TP~would '~o>&yt.-ikr a little tim, to devolop, I it th antidromc

-t4 ondrm



refl,.: miht. comve into onoratiorm ad proauce vanodilation r-it?'or quickly.
Sinceo in the Namtin the pro ssure eootod u-non the capil)arif's and vp-no-ti
system nla an Imiiortant role 'in Crnoinr the blood to rottvri W~ tLh heart,
a varliion In this prosure wouild modify, vnnous promouro awl Cflow. Becauso
of tho short Intoncy of' gOeoiota1 tmulo roopoinco thin route would produce
I'li narliemwt modificntionri in 6he vnsaiilar nyntmm, inarnni rg the venoari
presnuv in a fow tontho or ni sonid.

lin roepiratory ntoni ano mnicas a manonl contribution to tho
ci in' laid on. 11ho nngativo prainntwo in the thorcc cavity annattn the
rottrn or the blord to thea iinrto Thin noan~tivu prons-aro boom~on ill
rr,ntor diirltg tnortrixtion, Tho e.C.Veot in artair' to inoronan VOnoue pronouro
at tho ontrnnco to thn hoart, and of aoimi~o otart tho traini of anquolno
there fro'i, A dovrea 'in thei M.0i1o of nn Inenirttion for ocimplo would lead
('irLP tu a fall in blood prnrourn. The timo involvod would bo rathor long,
boct.-to~ of thio OvinWtion fl tho broat1hlng oyalo.

Wi th tho svntonm roo~ting inputs ('rom thono varion onc~'o.1 and with
tnturnai! fool'-backa oporating in alroady doocribod one mnay Lry to dlaiorn
iwhat snuonct-- or oireu'tatrv ovnnte, would fnow. Variou.- .causoo Must lie

la Thn sinlard. ofies' would lie tho. hypothtiottl one in which extornal
ntipmThti,Ion oxritoa the tryrpathotic centers and not the inaraoynnpathotic
(ttxcopt tllro't,:h rci'rooa]. action). Neglocting for the moment a possible
SOMAtiC nlrrwc ten31on effoct, a-kIRpathoiti im~pulses would roach the two
major innut pointsi of tho circulatory system, tho heart and the poriphoral
voe&,tolsi, Soon~uge of' tho nhorter route it might be expected to reach the
heart ii.rst, nerhaps in' Loss than a second. Two etfocts would thereupon

arjo, !the rato of' the hoeart would incroase, and tho strok~e voluime decline.
Be go of' thin declino tho nulso pranuro would also fall, with the mean

urc remaining about the same. When tho eyi-thetio impulses reachod
perinhoral vessels thera woiilei he a vasocon-trictin Th-wud rdcn incroasn In vonoi pross~re, which aftor some~ delay would roach the rogteon

of' tho heart. There the prosoor refloxos, loading to further cardiac
accoleration and Dossibly vasoconstriotion would be set off, Decauso of
1-lir Thtnncy, these effetu would not Pipoar for a tirie. Thoro would, how-
over, bo an -,mediate effect of moro ranid vontricular filling and increasod
3trokea volume which would I.ncreaco Loth the nulso pressure and tho Moan
,irte-ia.. -- - euro. TCho aortic; arch-carotid sinus reflexco vould be set off
and in +iw oxert a brakiinly ofroct IV- reducinrtohatraoadvlo
cc'nstr I ct! on.

P. Sinco sympathotic routesn from periphery are so cormmon it soems
likoly they wiould it1w-y be involved in soe e nasure in a responso to a
s~liriluri unlans. possibly they are alroady in maximwwn action.~ The- rara-±

~~~1 Mt, OWLIVUr, can Droabfly be aroused in raatAr resr oue
alor 4ith ttwt !,ymathetic, A genaral pinrasympvtho tic actior would oppose
the syprxthtlc offects at bc'n heartC and periphery. If tho heart is more
suscoptiblo to tDartyNmrpatictic offects, a wor~k arousal of that division
would, sti-crinmosjod on tho 3-npathot~c, pivc the same picturo ns- Ut3.~
dc-nr11%CU for thie tirst caso, unorit -or a cardliac slow-Ing Insteald of'
acoclrrtion * It the nnii, ,r~ 'nor oxactly dilator-dcpressor
aftficts vovc kIninant uvorywbo~r, V- -who..c soquienec . bo inverted. Since
it jemis -haracteristic of the nracrrnx1thotic to act indonendently in
diff4 'rtnt. rcuIlons, A11 ?ortn of mixttnrozi of offocts could iha nrod,"t:d

- - ~-.~--



dopandiiig on local dominance. A systemic variable liko blood pressure, of
course, would refloct, the not balance betueon th1 two offocts on a syotem-
wide basis.

With this analycia in mind one ean oamnino rocordod cardiovascular
rnaponne to Vee whother they accord with tho xpooted pattorns, and ohicli
nno rill appear in particular situationo ond par. lular individuals.

Fig. I prosonts n oiion tvro os. reoord of tho ohangos in pronture
pulso and volume pulse to a strong nolse atimilun. The pressure pulse tmas

recorded from a orystal nick up with a small button attaoled to its poLato
the w1ioln bninr, vtrapnod ovor tho radial artry at tho wriat. The voltune
pulna was taken from a fLinger tip (on tho opponite hand) it no happonad) by
moans of an impoda-noo plothymato rophe (The dotailo of thooo inatruments ale
.lvnn in tho following ohapter. A.hough rolabions can be coon in the one
rvcirtd, the mean responsou of a glroup of subjeoat will show them ith fowor
vnr4inHona. In ono rnAun, therfor n .riit Alm w r given noise Stimuli
(loud tone, about 1" duration) aftor they had fininhod a aitting in a lio-
,Innctjinn oxnorimont. Two at:bnuli w.oro ivon oach S, The moans are shown
i-,. 2, w,".... thoo moasurewents made at each puluation, and plotted as a
functj.ion of -,iilnt rather than of tiro. In another group of 12 S'a simil r
'n.wI ,,v.nr worn t'.akon, the only differonce in tho situation being that the S's

ir ,tvuin tho auditory stiil (four each at intervals of a minute as soon
as they were connected to the apparatus)o Their responses are showt in
Fi.,, 3.

Tt is clear in Fi,. 1 that there are inverse responses in the prossuro
a:id voluno pulsos. The volume pulso undergoes a marked decline and actually
disa oras far as this record is concerned. At about the time the volume
pulse reaches a minimum the pressure pulse shows a marked increase. In
other words tho pressure pulse acts reciprocally after about 5" delay@ Such
action is also to be soon in Fig, 2, At first glanco the two lines in Fig. 2

a.i pressuro amplitude) seem roughly parallel, but it should be notedhat ...... t .11th post-st.,mulus cycle the pressure pulso is above rest
levol, uhilo tiie volume pulse is still below it. In Fig. 2 and Fig* 3 there
in clear evidence of a diphasic response in both the pressure pulse and the
pulso interval (inverse of heart rate). At the same ti.nes in both Sroups,
thoru is an acccloration-doprossion pattern then a doceloration-enhancomont
pattern.

In Fig. 3 there iu an "anomalous" response in tho volume pulse. At tle
timo it. decreaces in the previous records it now increases i.r a simtlar amount.

The latency of initial responses in all three variables soms to be
2-3 hoart cycles, nossibly ono cycle shorter for the heart rate rosponso
than for the conritrictA.nn of the v,1u--e tuloe T- makes the latency about
the owa . r. that for the .€.r., another resnonse autonomically medi.ated.

At loast a partial interpretation of these results can be made on the
basis of the foreg.oing analysis. In F'ig. 1 and 'i1. 2 there is ovident!y a
'iynmathetic reflex nction whinl, nnte1_ -- ='- -heart. --- nri. .. ... ... ,- I a - = 0 - &# V U 0 r i c t o t h e

vaasuivar bed. Tlhe changes in tho nres-ure nulso ought to be referable to
chanps in the other two var4 ales. There are two reasons, therefore, why
thn pros.-.ro pilso shovl,1 fi1ll durinr, the firat Phaso of the response in
Fir, 2. (Thore is sonio indicrtinn of its decline in Fig. I also.) An
in'rca-Azcd constriction of the rerinhoral vessels will raiso th diatolc

a
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prousure An the arteries, thereby making the prefinure pulse swMrdor. LIkewice

acceleration of the heartp Aih no inoreaso In itti innut malcas t sr-Iior

stroke volume and therefore amller procauro pultie. The docline in presSUre

Pusetion Fg th inathti earlhar o tho prooos miht o ra-rosstu byCh
the artc rch alnp or to vaoonatitoni lae o ro1Tx, huhitsoinmdonte'i th

Tho roond nha of th hotons1 with acoloirtrat and ig Ipand 1r.

tn adtial. odthon of IWOalla o n thio ins would rio ain rebue ol thro
linon {,J o trflfl spto ti dhonr o and in roo rmight pressurinu bhy

te rtI a c hr woud arood aiou olooo tann r oIt bloond wih t would
acorial omncuro has 'oo a iao ong ph aooriotionU to etrioo ofth

pulan cofLA fio nactaptan AiP~ conno only oft the t vanv.-ontime, wich

aml hol]. 4,mo tn to th Mart andi in ord a the tnise bprokorn vte

con.-trictinn and proure nulne increase# With fastor ventrioular filling
thoetok v~uio f'the heart and tho Puloo tmrssure (and moan raue

would, of course, incroase. With incre-aned rnronsure the parasympathetic
reflexori would act to slow the heart beloti its Hnorna2f rate.

In the case of FIR(. 3 it may be supood that the same mechvanism
nperrte3: that there is a vasoconstriction in 3ome 'part of' the body playing
the -.ami role as bneoro, but that it i.s not so genaral as in the first case
and does n'ot include the finger. The physiological and situationJ condi-
tions whlich daterndne this difference remnain to bo explored,

Tn brial' we have, it seems, at least in Fig. I and Fig; 2 a diphasic

cardiu-vascular responne which for convenience may be called Type 1. ThureI is first cardiac acceleration and vasoconstr~tction; when the effecnt of vaso-
constriction reiaches the heart V. produces tho second pliaso of tho reapon~e,
an increased systolic and pulse pressure and consoquontiq a bolow normal
heart rate,

Tho averago response to vorbal stimli in a lie-detaction oxorimunt
was of' this Tyne 1. (The exporiment, described elsewhi-.re in this' report,
iusod 59 Sts ' wo were questioned about "crimos" that 111iy d'-.d and did not
Commit, '-ub~rc tfod to throats of shook, and glivon nouV -al quustions.) To
as tic onror fA. m icalo parmits the heart rate nDr Prese roaction, ar,
orI1 alro to '"&U uw .~pattorn of Typo 1. (Soo results elsewhorre in ronort.)

Th 1 rTnrc eiv1 rv' the izw~suro nu1s cold not noes lbl~ -h1- rInCS- no
moasurt- was avM i at the proper time. ':hore in generally an 1ndicat,.:n
of rb. i- 'AnI h'2art accal.4ation i~n this oxocrmont, thou~h with the heart

t intorvals roa I- !ilockr. of' fivn rt t."icy wero- here .t. d cS not shw as

T~reF~iL (:ofixm tKw 'i t of Arnol. (I) t!hat a stimulusmn
initi 14,' a qrc of -Ai ,n -ni n 'Et-rn.- but tthe secsirnco herL. diapi-.iyed
liftor.- "ror. enQ. !;:1- d.i ' anO *e4ms. tn dorive from a d-_!M-rnnt

MvlniSV( -t n Af u. id



'-ho r, it Is dcsi rnbhk to vvcnrc i-n indox of A~utonomic action, r to
c~sriilii rmtocr'dent nofldAtflfl ini rgnurnl, aso ono dkoes In ax Utio-(tuctiof
ri-hlintion t.1o profr-rrod vau r'hlor noom bri bu the haiwlt rato rind port'ihuorn
voc'nvtritction. Sinco It is thcoti 9Ahih aro firob n.Voctrid by tho auto-
nrilc action thcre wiild ho~ ipli n{i-titty rot, IOofltifnatIofil by oxtratntloul
varinblor.. 17nr-kun,,Atnol thua.wnw ri ab~rit nro. alno quito navity to rooord (Soo

'11'oc'rr inr hot.nvvi-ov tho inorvnxti n aibout vtaoonntiotinn, thrit it In
v~ ~~~il ti rn 1 ' l wnyu n ,r"noral, bodily roopnsoo (iF1.re 3 voomo to bo ai
SwhI'ur I t. U- lint.) TIo nilquiln tho rivorra11 van oo rnntriot-lon (or~ dilaxtioni)

rt nr(nr* tiirromd 101VAMlo], ri'nnblo., tilnoo tho atrito ol% vrnnooonticition,I 'ir~wtly, ',inv' t, rit.1i'tho he madum of vunoino proatiuro, Inr a piiinoi.pti dotor-
'1-mult t' nrirt protinuro. %hurorin vatioecnatriotion ito :looa.L nvturia3.
priNifsir(iS n yi nttimin prwrainotor bricaurio thci tiyatam i hytlraulioo Among

l-v tr+.,r'Ii-i prr-mo nritollo hann boon t-ho tradltliidl~ noon~ Miaurom
Fwnstoio' prnntllre wolild nonin, -1.hooroi.ltort11yp to bo juaLt u, roivlaings
T'ilnI rw~~huosoe, roP(!cinp n ii. door. tho ab:roko volumo of tho hovrt, mightI
llirn ni1. tn .,, ,'~ t'hf' !innf inC ornivr of a1., rroulbiriy if it io cortaidorod
In ri+ 1 tlc Ipo thL. Cardin ric"to.
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CHAMTR X11

t4E'1IOI)S Of" MEAW3RITTO (C1PG1JATOflY VARIABLES

Since thc'ro arn throe bazlo oard'tovanoular variables, prasure, flow,
and rotsitanor3, thn oxporimointaxl Lachniquon inwju will fall into three general
olasses, each dirocted to (-.*,i ilicarurennt of' nome vaxriety of' oach of' the
throe varinbhni, Thrn Is3 the poesribil-Ity of n, fourth class; tochniquos
wdh3 1inmanirno omo uonibinatinn of tho throns Mior6 och meacuromonts consist
of known comoonaontJ in known roi,ntit they mayx~ be vary unoful. Unaytematic
and variable0 comiib'it nt~ti tihoild probably be avoidod in Doientifio works
niln Ulo'r 4 depcnr to :muh onr in ' lI~ior partitoular inutrmeonts..

Prpnnurre ti niirtnno ntt, in turn, LU) of' two tic4'ta. FSono ronord tho
r~nJ~atioi (X piresoiuv by tho h10111t. AM th(, 1'est ,!' th'Iv ,jynta!,,, jthnrr aro
c-nnnrnecd with ni-,tiu'em at vnriouo tim and niacon within tho vanaular
nyt,. Ivor, tho inarl bat ronn may ntidy tho x'atal Torna, and wavo form of
V, it vrce IIii i'wo nrnsir't. sririo of n~v-orimontn t-here was no liro(It. .4tudy

ViX trr ti "t1 al,u. lona.. Ooiifjh thin might1 bo aij ilitnronting variablo
i i4"dwrli-) lot. uindortakeon hoeauna of its donnonao unon vanoun prosure

('11,ri inr~ LnTw), w4ii i-i hurn loponds uno aoo r' I~ho ot-hor vax'hable
whiich wion; inrir

Heoart Rato

Tho ho art a 'i nd regulftrittv wn-rn obtained from seVeral ty-mor of
insruriont, QCi, a modlil'1ed form of aohctrocardiograph, was constructed
nsnecilr'11 for tho purpo.9o. Thiis consisted aininly of' a rather high gain
amplifVter which fed into one Phannel of the common recording apparatus.
For convenieince iri measi-ng records it seemea well to eliminate the smallert
slower comporonts of the EKG and loave only Vie QRS complex. Therefore the

am~lifn im ,ntruir-Ind to cut off the lower frequancies, V~ie circuit i13
shown in -Ag * 1. In using thia oystem -3lectrodoo, consisting of 1/211 metal
disks wore strapped to the foro-m.rms oveor areas troatod with elesctrode J~2ly
(MKO Load I). With the recording paper running at a speed of 11 in# per soc,
I~t was possible to mako measurements of the time betwoen boatF' to about
.01 sec,

This rather sipesystom is easy to operate and gives littlo trouble,
tho only adjustment required boing that of setting the gain control, and one
-.ttai.r, tiually sufficoa for an S. Curtain problone arise, howevor, when

RG re(,ordting Is combined With other typocs of instruments attached to the S,
(For thin re-asoil S Is isolatod from direct ground connection by moans of' a0 on (1, Uhie 1ifiule S- LoI ' A-om AALA .V ,V =1e from the combination of this

insru~et wihth ,.s.r. recorder. If thore is any a~c, used in tes~l
r-jr1i+Vt --- -,ho r,.r.r recorder -I in its re-sot motor (sac g.s.re apparatus)
v(wigl- will I,(: introdtca( rtO1 jleDc-d up arill by +;no MiXG leads.
Critn'tej 10atteryr oneration of the fles.r. apparatus 3olvod the nrobleii of such
a c onbinaticn. Tt isftt." impoisible to use a g,.3.r. instrument
attached to eachi of S's 'tands and record EKG at tho same time. With two
j-nr circoitc sttnr+,0 i- I- i n - r6"n-d-d on both hand., end the aurms, of
coursel, hernorrne qio,'ta rnn, -iold no EX(O. (The double m~rounding makes
troiihi.L for 7XKG rc:c(-rn frrin -t-iu .-1-,nrn~dn locations as woll, though it
-lay not. no xrosible, t.c finr: a satisfactory location.)
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In rgenoral, At soorna to be moro ~iononica bo 5svcurt thu lioart r~ate
manura from one of tho pttlao rocnrcliri, f'or thosw1 giVa thQ. hoart rato as
wall as oi-3or informat~on about Oin ciraiilatory riyatom. Tho 1.11 isi necessary,

Artu rtn. Proorrtur-.

Tho4 nwriromont of' trtnriai rgrnfiouroo sntollo, dianitoliel and ptio
proarowo, the di uronao weitin thn tmo, lirtinnnt nomin -1-flhnion! rlirfl.-

ovitin. sla ro ouarch mi -h the rt ,' *rv iyc'tmm roLquirots that thao bo
stitchd, and t~h p~nit] ronilatr 01 oltoorI pronttuiro iurul iOflts In wpor-

Tentrl On 111 Out ootion (tarntonj 111 P.ipll ) iIan i t, noonsary for a
mo~tliodoloV,1ont stiiv of' t-hat app'Lic etion.

Tn hin carl- workc 1 hnton t;ook roacUing bit hand 'zIt the uskia2 clinical
nroootbiro. 'rho 1iit faof tho incaihod wtiu inrjdeinti roand r cannot be
aoa'irorl vory; froqiiont.1y or rutju1 arJlyp andI thoy would roqUiro tho Nll att'on-
ti-n or fti nif!iuratnr,1 To nvaure nonntntiolim reorda JTirson (10) arloptod the
anparattai which Erinra~r W~s had dovinad, but uaad it vrLth 3.osi than anotigh
pressurri on the nul'f to occlude tho. artory. The ,proamire variationn in tho
nuff itscol (Droducod 1w the nulno) are thon rocordod by n tamnbour* This is
the tochniquo in gaoeal ixse for cJ'A detection at 13raont. Ohapnoll (2)
,nnintod nixt its shortcw 4nrts morn than tWonty yers ago. Whilo tho device
does show channRes rolatcd to blood prossurop they aro rolatod in a variable S

and unknown manner. it is often said it givos relative rathor than-abso.%to
moaniircs; it ic Twobab37 more accurate to say that it gives non-.cqanti tativo
records.

Several investigator3 have~ conotructed and used rather elaborate
devicea fCor keepi.ng the eartory nn let-21-r nnliidedm 04tiomatlay and record-
ing tho prossuro that is necessary to do so (TLangoo 9; Darrow, 3; Stvkvis,
13) and at lonst ono siuch device is on. the markat. The basic principlo is
t~o place a pulse detoctor of' somao sort bolow the pressure cuff and taako it
operate a norgtiva £otud-bnok into tho prossure nyston Technically these
dC.vicco aro quite satisfactory, hut one heaitatos to keep an artery occluded
for an cxporimantal sittirxg of any groat length. Doing so is painful to S
and mirtht bcu harmf'ul. Such 1 natrumonto, of course, wil. r0(oord only systolic

A camDromisc olan of apnlyin" intormittont prossuro to tho artory was
thcrcfo adorttd in tho ire ont exxmortraents. Intermittont prossures had
hccn -io lx hcrr (5); for ouir uruosos howe3ver e nooded a system OlAich would
appyly nrsrr automatical~y in a datorminod fashion, and .1 pulse detector

~~(4~~ -.f~ f ni p'O+I -i1~ -1W'd " 4p

to a ceuff s o that the Tpr, smro on 1t artery would tncrm--ra 1!r d 1 ly In a
li-noar fealhion to seo -e nt byend thoe occlusion rneint of tbe artary, to
havc the Dressuro thon rolonscd and, aftor a brief n,,usu apolind again.
Somewhorc, curing tho zkront of t.Ihd: rr(.-suro tho oulso bolow tho cuffC would
bc out off. Knowinc whon V~ii-,- hnoncri from th~e continuous rocord it would
h- possiblv to road tho crrru rxir1i.n- noi'-it on the; linearly nscanding
I-rossurL CUrve-l, iich wro'dd. tc f.-, -eCint ()f qrm-tol iC prns.nurL 'it the ooment.
A siriplk numnp watl- ck-n~trict,-: I annly' pn-;s-;ro in thir fAsi.on, A rt soc.rvoir
nf P- was mount:d onrit' V r ar-n (i'1. 2). 'Mini armi w.,s ras~ and It-hwod
byr a mo'tor driv -n cam ,. !,hrtt thct mcrcury v%;12 "olovvd the- patturn ,iov in
!FM ,. 3. F~rontf, i of' "t. . "I t- i / s~Tn~ o :'tr ,, YDor~blo)
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OCCLUDING PRESSURE
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b~d t.o t. prosnir- ciuff Sln( i-. ivs tIL'nrr'blo tr 0,c't '~L
P~uff as amp4l an Poriibl. it vi;ks insidn of' a s1l inch 'onrtu of -,uryical
0-linri~g t-ibir~g2 1/211 i.n 'i&Jntov. ('Min tunbinp has vary thin wrills.)S
f~ar ars nossili'l thiti bib,, wnn ',-opt f'romi nxi'ndinr, In rn outward dirrection
1rnm tli, ar.. li LtA4 inn tifio4. MTh'ui tho auI.I Wtn appiod It was drainud
o'f 11g, an~d of n~oiron qns nnti:.o'y Oodlpnud olno nir was remo-ved from
the' svrwlvi So 1 '" ,vs it eolid hcn, An pronnurn iflzj Iupliod by tho e.levation
o'f, thr,1e'vr~oll"Y v"e'1 !1'I'tlitiL 11(t vlotud onton' thn oul'1' 1w' produce the"

As iv1 I-ov",, Ind rloni'ni In -iir w'irl-Lor oxoniints wn uiisn' thea plathysmo-
!--nih (nor,' Iinji-i'~) to revord flin vnolume pulso of' tho fingar. In prnliminary
trbnI.- wi+h"ft1, In -" v'-d.1il og"m~Ititni thji. rnrnod to givo aroeliblo valuea
for t.- -v.rlati iiin of lviotl prontiui'o pi'oditood by drinIkinp coffoe, by nge

I. foll i. Outi votmlttl of' 41vo 'arly ,ixnari.nontcl In vilith S'n sworo frivon
#1t I n 1i ioul ilrn "h~il drrnirn" hohnvir in tin Unlicoly fi'euhion.
R, Vlrot 14-111 tn th6i vlraulalor,' ni-c'innis~mo ravnalod tbo roason. The stpima.li

Thb 1111",u I,~ o b'itit. eCii.i dkruaolarion, was prodIitaing., an1 inroasto In
1~1~ 4u'~'~r ;iuI 'u .,ulsA 1*id to Icoep U10 pilso.8 (bcTw in cuff') botl+,inig a

1-noi '"r 'n 'ho f'notr of' tOho innovn.rte proanure. 'Ina local. vas9cular bod,
f i, ,,a~ undoriv-ointp varnt ''ntriatin)nnd hero tho offioot 'would bo

oi' r:_ nrntn Vie riio sonor. 11v rozilt wav thereforo a content between
,i vcj.oiij vas'nonntrlertion and ithu o~l ioreas with no chanuvan in

'ff r)r~t, r~~j'hot tochiniqiie would givo a reasonable in -asur of blood
pr1L1' ''e it wyold tiot. do an whnin the constriction changed. Unfortunately,
nf o'lUrse thm1s ivn "be situation of intnoroat in a psycholog~ical. exnerimnnt.

ift wais necur.-iry therefore to doviceo another means of indicating the
prosence of tho nulve bolow the cuff. It was reasoned tbat the pulse in an
artory is 1i. tlo affected by7 vasoconstri~ction. By strapping a crystal pick~-
'up vltn a nmall button on it over the radial artery we wure able to pick up
I ,,, piilso. 'fths was aniplifiodl with the EKG ampliX'ir and put on the record-
ing panor t'irough ,iiG or the pono. Tho lbeg.Uiunp~ of the application of
prorvirer on eaach pump cycle -.L15 indicated 1by a brief interruption of the
I-tritingr voltoago (-f this pen.

IY this devico we have a paral.lel to the usunl clinical nituation of
tnkinn! hlcro(' prossures by prCIpatory or auscultatory procedure. N tytpical

rooom ~ ~ ~ ~ ~ 1 Jlf shw nFi.I.I ri~gsch records~ the di-min-Ishing poaks of
phi so, wavon% worn connncted vith a strteight lino, -and tho noint of' its inter-
v-ctlon vnt t t'-Ir baSo line tak3n to reprosont the systolic pressu1re. There
i.,- rcn,,;o.i t~o holimive tat diastrilic preswmuro can also be read. As the
prorrire climbs V-i nulsc will, aftor a ooi.nt, begin to increaso (see 1ig. Wt.

-1 ,1rA11 croator proansuro it dccroas-as and disanuars. "Ahc increasing
tuhranp wo'fld UVv'ari tly come about hx-cause blood flow into the artery is b&ng

an, r -n ore, cut off C 'rinjv dir-intre' and el it nr O!1'1Ot'oy CoUt Off !,he
nutlrrc nr-s!,arL is working~ into a coll. ap!v artery, nroduaing a bi.ggc;r varia-

i~nir, P. Thir, iotnt of' nax'.uui pr1L-u(, theruforu, should rapresent the
il-,n avt, tf& c (mi Ua.-tolic prosmi're is just balancod out: that is, tho diastolic
v'r-, .-'AO. .,!is noint has me-amir C in itho experi-ment whorto this ro-cord-
,re :thrlel war iiucode

T'."prcs.-Irci oiff " -A:-, r;; ccrai from tho cryestal pick-iip may ho
f-Cct.' tv Iflii"aOn nuju-l, nr'-o t, o.i, tlie wapoluin, of' svinrl tho arte:rial

pr.i~r~i undcrro.xi ,n crieh ilno; boat, 1Frrn whr'rr; thoro arc, pi rlodic
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applications of preesuro rrom tho cuffT the size of the pul.'e wave mmy
indicate thi~s pulsatile pressaure IS wmenuramevto curo ma~de at correspond'ing
points in the punp cyole, Sucoh mairon i-meb altio takon ann the records.

As a whole this mihod or cocuring arterial proodures seems quite
prflmininR,. Certain fto uroav howavox', ought to bo imptoved. It is ra~iar
cumbersome to oatabli~b i point of zero curf presure, elinco it ckipends
on the rrotativn holght of' the ouCt and pumpo Thic wan masurod orudoly for
each !3t but tit use wanI two or tho meaturo in handling tho data* Too MucIh
dotnerds, also, nn tho altill of an onorator in getting the impping tight
around the orostimro outff. A 1onin wrapping will. pormTit too Mup1i Ha toa
ontor tho cuff -with tho ronualt that~ ouff preauGre doo Y-ot f16ollow the inovo-
mont of tho TrUnff arms. In thn prasont ox~orimint wo Are coneornod with
ohangcrn In artortal 'proamir ai tho 5iilua I- n~pjiod1 nnd nioro iportantly
with difforoncoti in these ahangou within an individual, ioso soom to ba
reprostuntnd rnmnoniblv wollp though wo would hardly bo ablo to givo the bota].
arterial prosri in -ibnoluto utiitai,

Prosnuro cnd tRhsintanao Mamirej tho Voot ofth

Uhan tho heart bi-t forces a quantity of blood into the aorta a tshee1
wwve is introduced into the fluid in tho oyatem. The blood pushed out from
the hoarb of coirroo bor~ins to xflow. but rather sloviv., The shock waveo.
which constitutes the arterial prefisura pulse traelo much faster, Wore it
not for tia uffoct of tho vessal walls (boundary gonditions) it would travel
with tho velocity of sound in tho fluid. The fluid in, however, containod
by e2.astic valla which give under' the pressure wave, and in so doing slow it
down. This volocity has boors studiod for its biophysical intoroot (King, 7;
lirhmiton, 6) but its variation, if any, with stimuli to tho individual havo
not boon invostigated. The velocity would depend, as biophysical analysis
showm) on the moan arterial pressure and on the olastin distensibility of
the arteries. King presents data uhicih show, for the aorta, a nearly linear
re),a.O'on bt-Wcun momn atturi" prosawze and pulaa olor;i0-ty ~tinthe1-16 a
rango of pressures. His data also show a nearly line&,-. relation betwoen ,
an inverse measure of the distonsibility of tho arterias, and the velocity
over the normal range of 4 . Thus vnlooity increases as a funcion of mean
pressuro, and as a finotioni of' aso for 4d is greater wiLth greater age*
King 4-s of the opinion that the volocity can bo used as atn index ofe ~, and
by itm~lication, of man preassure. Hamilton advances certain objections,
which seen howrover to boar more on ne.amarenont of' absolute valuesa than they
i outid o rvnmi'rnents n.t ohanao.

Invortigators hawve boon interested in measuring the ItporianantI state
of a Yatiantls artarie-2 by this means. It may be that the measure wrill
ijurvuo ven buttar for thw meau ont of Ochanges producud by atiffulation of
tho individual. It would moasura, of courso, a combination of variablos:
the prossu'o and the resistance of' the attry walls. B3oth may bo expected
to vary,, though prosare is probably the dominEant variAble within the
individual. The measure would bo more eons itive with uidor portions than
with youxnger for variations would -,roduce grboateor eiftocls when pressure and

garc high to bagin wiith, at, they a.re in older persons. Sioa a very high
proportion of the time for plalcc! propagation is taen in traversing the
largo n'torics, it vwoul'd be variatilons In thoir elasticity whrich would be
roflr~ctcd in -111134 m~auu



Tuchnio'n).ly then timn 1botwoon tho hoawt systo1'o nd tba trriva. ot thu
pulo at thic poriphory ivi quita untyv to nbttxin't In a rucord shiowing Lhu
EVO Ond tho volumu pulse fromt tho firieir (roorrkl by tho Tplothysinogrnnh
described bolow) one hnx but to mnnurtio thei timeo botwoon thle potik of' the
wdijratin and tho p'ork of tho piOlrio wavo. Ainon IMA{9 in ,~i.Al'1,
nan~or &Docd noodo to bu rath1,r irapic1

Blood r2.ow rmd o1rrAl loastanoo Moapuron

To ionslir blod £lom: cjiraotWy It woild bo nocnwzy to Invert a otannula
+nto n vonal. DOt if ona motturn a tho voltima or diomnor d o.C nonu mbor,
a fPinorr for twmonn)o ho ill. hr'vo an indox oX' tho omount of' bloodl pronunt
i~n th.c- rngi1on at thu timo, vinoo chnnppa ir. volumo ca'u producud Ix incronnos
arpA (I(inoncoa in tho 'rmount n1' Mlood urontoino in tho vooriola. With a
ptiork nronuni thorl, Lho into ~f' 'loti would vary r no AiLnotiton of tho ciont
of blood at a pnl.nt nt s -4won ttie, Tn thic naluromont ono han rirot
obtatuiiu an ii0,3x of rosiriAnnot', which is invorzuoly roluttod to tho fourth
poi,."r of' thc dinivtor or' tho vain-ril (!'oinnotilto a i.)p 'hon, qivon a Icnow'.
1odr~ -le -an by nomo t.ftlor nionrnnj celvr tho fl~ow fromn toh( tWO. 14.1
two nu anurornonto n mdo Iwo, In othir worda, arn most olocely ralat4 to
pro:isur, an'* r.-sictanoop :arid it woxi)A bo proforablo to lon-vo tho moantwos in

mnj t ratho than~n, atct computo th, flow.

The plet'iysnograph, or ro1imo menwrna Instrnumont, has of courso long
r'ocn known in pmychologicalj lwborator:Lo in one form or iAnothore Apparantly
tho iLicnvon-ionce and inaccurac-tr of' the hydraulic aind pneutmatic modois
provontad 7%:ry w~le itso b%, psrociolorical oxporiniontorso Its nogloct is
unfortunate, Ainco t'io consatrulction.-dila'tion oXe tho small vossals is Perhaps
tho most irnortant variation in tho circula'tory cystom.

Thio oloctxicO. imnodancoo plothysmograph describod by N1,yboar (12) soomod
tx- oI'for onnonionc6$ accurocy and sonsitivity %Aich vo'nld faci1itato this
nort of' invootigation. The basic princiolc of' the instruimant is to pass a
hinph 1'ramuneq currant thryuph th~a tissucs of somo part, and to moasure the
impadprnco tho tissues offor to tV .s curront. The high trequency would
alllinaim noacizn-tion or Vrno tznomos byr Vnce curronb. aria rtnir iinpochunno
aould baexuco)u tD var'y with tho distanco traverced by tho curroait, (Tho
h!itrh froquency would alo prevent tho r!.s~r. from ontoring the rocord')
Hyhoor damonstrates that with oloctrodon locatod loneitudinajly on tho
fingar, incroasod volumn (increaseod cross cmctional arcat) would proportion-
ally r"i' inish tho iimpcd.noo (psm-nming that the changp is rosiv1;tv:. only).
1. 'IrcsW.nt OPW v.opull 5A r t knb machninical moans (p~rosumablr an
accurato one) and en irkntical otle occurod by tho impccdnnco piathysmogiraphe

We thurefore coraitructcd two !!yboar plothysmog-raphs, bout immeociatcly
rrn into fifficultica. with thorn. Thia dosig~n in apanrantly pradicatod on
tho surrnos~ti-or that tisrnos -ro non-reactilre rp.sist'ncos or at~ luast havc
little rorictinco * It is well known, houwvr, thiat thore is a substantial
caimci ty Vror 1_n- tin suca. For th is reason, numprently, We Wero unablo 'to
brir,( t1:..- istrnmnt:e to run ini.11 1 b 1.-ricer s tato. As Nyboer doscribcs tho
o'norn'tionr of' the device it is cn-v'Mrdn tho i"podanco of two seepmnts of
tissuc, rathfr tharn ronnrarim, i-' ,rl,*- =dY cn 13ji-tive standard. (This may be
the i'iwan by which ho sccurc~d .Je.)Used as ho doscribas possibly Vne
instrununt coulai bo hLxctA b-4 rt consider-abla loss of infornnton,,
'Onc,-: the instrirmnt sc xiacI n -adesnly aeahhoratw. and cornplAtcntt, to oparate



aywayo vie davload a rovisa;.on of thn circuit. it turned out that tho Pa3rt",
usod 'in bvilding, the orig~inal two intru'ionto wore onourlh to build fovir ni~v
circuttn, witb ino Wxra&o lof't ovor, APi In thn llyboor circuit, the measliring
currrint to dO'vinod from an ref t nrntor (135 ka), shotm in Fig. 5 around
the, tuba; P~rom hero wo doncurt from the earlier Dian. 'rho ro:ltaga from the
gotnara/r tatkon off. bhro'tjgh t ratim.Pnmor T1 tois iori aorosu 8 ard a
sored roniritor olP 1000 ohme This Voltago will;, of anqrso, be .ifftrbuted
ov~hr S qrid the fixed riintori , ,*tn iropcortion to thoir imnpodaoce, IfC 15
has ani lopdaneo Z tho Voltato across him will 1A x E, E~ boing -Lho

avplied 'voltaoto Z baing smaill in rolation to fl, we may,~ aimply~ say that the
voltge acirorin S 'L.- preiportionra to Zp lbiL impodaniooe To alinlntkto phauc
ohi ft efCoto thi next oraration of tho cirouit ic to rootify thi'3 voltago
by tho tabo 6H6. Than, bocauL'- tho voltage iu quito large wiith ros~oot to
If.n fluntvatinnota in which wo are I.ntorootod, a pitrt of it in opposod by an
opponito volbarn takon Proml tho cathbodo oiriit of' the noict t~uIb (3iJsn),@
The algelornir. num nf thono vro2.go ccIn then pt into tho 63J7 tor AniPl4IMCa-
tlo~i, Din motor ) ooatao in the output of thiz tubo indioatea how the oppos-
11 v19fl In bl'eir~ut airorit nboiild ba ai,1uitte. Rio nizo of tho output,
currnnt which carroupondo to Us.~ optial input bian wavv dotormlined when the
irnntruments wore oorntructad. Iror ono of the instrumnonta, for axaiwnlo, it,
turnvd out to be 160 mA* So whon an 8 was 91rat introiuood into the rircuit
the opertowr adu-1juat- c d ths oinposing voltapo until the moter read 160o Al '~on
roadings of total inpecanco wore dosirad thin was done by manipueation of a
calibrated notentiomotor (Holinnt) chown in the d'iagrnme This settino, ill
7.zt noarl to be ohanr.od durint a sitting tn most cjasoav

From tho ouxtput~ oP tVie 6SJ? thero are divergant paths which can IM
operated at tho sae timo, Ono is a direct coupled pathway ich~ A~ll record
all changos occiirring in S 's imnedaneo. (It is most useful for long term
drfs and mirpht be more convenient 'ii' the nulso variations wioro el1i.minatod
by a shunting condenser.) Since those slow chan~os require further it.I.fi-
cation tho-1 are passod on to ono of the stnndard clirot coupled 'mmn31l-ficrow
(.-,n later section')* Defore tho output of tie 6S.T7 could be handleod 1y those,

howooi_.-nther nut.raAzti~n had to occur to eliminate a large unvarying~
portion of' Vhi oiutput. Thin is the nurposo of the bucking~ battery working
into a n~otontioirotcr 3hcwn in tho diagram. This -6tant.ioyrgter or'Ar.ing
constitntes a pormrrncnt. adjuntment so long ar th1e battery and !,ibn romain

Butt, on occast.,n, wo are intorested 4,, the pulce wavo itself, rathur
than in the sl.ow in-ocdance drifts * For Wl, i~urpose it is more conveoieint

to sQ ca'rmnity cvaup1I-- thmun rlirect cou, ,.n in oubsequent amplIAication,
11=:e tho second pathway out of the plot -.ytkiogaph. Thourrh a 4;oupling
condensor it ).onds to a volt(gj amnifior of' standard design as sho~wn in
1'l. Cy09 TI c. tino constant of this aiilifier wa-s a natt&ttr of aomprmiso.

The#. -i, rnon a o i' '.rf . icrd this Producfd
nomothing li:c~ the first dcArnitvo or the nnlsu wavo~ wic wo~l be hrd
to intxrprit for sone purooce. Goinr! to tho ot'her extreme th-i noxt arriango-
,n~n had a time constant of 21t., Vith this theo sloit drits would also be
tranrnittod to Sone extent; t~oy ~o'0bLO.cK. the ai4.r ith an overload
and a lanr Pcritod. would cn.su.- bifora it r'epg'tnae oquilibriui. The conmromise
was for -~ tim constant. of 1/?"f. MMi~ icenu to givG a fairly accurato ricture
of the~ more rapid risinf limit f,,' tAr'v raue iiavo,. although it does ditort
the riow.!r 4.iseonfdiflP phase sowohnt. See 11- r. 7.
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FIG. 7
VOLUMEYI'7 Pr-ULSEr- FROM THREE DIFFERENT

PECFT~RQDE LOCATIONS (SEE TEXT)r

B

C

I- SECOND



rIn our tt~qe of the inatrumant wo PlacedI tte oloctro-los (flat droriz 0,
S~older) on the front and baok of tho kihgor +ip Inatoad oi using, tho lonfli-
tudinal arramnoanont as Nybnor doneri booo * Theimatheaitical analyris of USA;-
volumne -mrjad ance rela~on to uiorA orinplax in tbi a on~, for it ths" ftinrer ii5
treAtod as a cylinder with oqwda oaninn from t-ho axis (N~ybonrvs Rralo,,)
the impodinon wnuld nnt vry wifli tho vnhlijn iand no pulnn )jo othor hango~
would b'o clnontable, Pa a~ mattcnr of~ taot, or co~oo the puceo and of,--er
chngpoa do shou uith thi r laa-1d ianool4 tioti and about an radily anc with
Th'rt-it~dnad Inads, Tho ditroottron of tho wave is itnvorn~oi Fig. 7 jit'Laoot L
rPV0ordn t1*011 r'On i-110 RAM at rdififront -1, oni ith three t, o at loads,~
Lino 11 iIt roni t 'i- arranvolil iia w'd in oitw anqorimont. tind 0 wau tacon
I'Voul ~lntifiijina1 iradn. anti it int alearly tho mrror~ imanV Wo 13. boir' r
analyq in In,"catoo thiat t1--a vvriatians In 0 would bo invornoly proportional
vo vr,1'imn, Thorne In 11no B would scum, thorof oro, to be dirootly 'ropor-.
ti onnl to volunie, Or ncarly n, Lino A in F'ig. 7 rthows tho pulso wavo with
ta-n o lotrodott crn a *5rariovarao axtsi or the fingor; iooo, fromn side to aides.
71w vvivri formi and si. n snomi to ho idlont.oa3 with thooo of L~ino Bo %'he bastic
nihySlnal therry of an itnnodnco change iwhiah wotild Show thario phace rolationr
romainn tn Lxo woelcorl out.

Tn -Attat-1i'ng ootrodas we appliod a oinall amount of ntanlard oloctrodo
Jolly to the nowi with which tho r.,Inctrodea would form contaot. With

-ktrodrb Joilly anl rounrd the fingar, rand sometinos if no jally at. all it;
ilnoc tho form of' the nulso wave is tehangod oubatantially. The probablo

rIntcrpralltnti on Is -,'hat, a surf ace pathw.ay whose in, perisnoo comp),are$ with that
of an intorior pathway acts as a shunted capacity, or more .ikeoly -norhapo,
as a roMstor shunted across the eanacity of the finger.

Tn nortain exnoriments we halto used the direct coupled typo of' recording
to show the slow volume Phanges; in othors we have used the capacity C upling?
to brj nr out tho pulse wave only * The two mthods would be oxecte d to gilro
the sn=m results. Tn the one case the meastikramont gmes tho rnnount which
fl- IndUc vessel walls aro distonded undor a More or loosi sTtoary !)ressuro:
tho 11.-itolic. In the othor case the moasurornont tVives the amount of addi-
timnal dilation Droducoud by the incrnments in preusuro supplied periodically
",, +--to pulsos Tho onn will. on tho averago test the pressure voluma function

coofficlnt of el.asticity (a noefficiont which varies under neural influoncoa)*

A snocial method of' moasi~rinr! blond flow has boen nrone sod by Abramison
(1) and used by lacey (8) in Doy-holoirical investigations. The technique is
to tp y isntoulyto- the base of tha C tngor nnough pressura to occlude
tho voins but not enough to occlude the arteries, The effect is to makeo a
clocod sac of tho vanculatparo of the finger, ith the arterial pressure
stafftr~ent to force blood into it u:ntil it Js dilatod to the point whero the
opposing olastic pressure or tho vossal walls is equal to tbe pressure in the
arte rios laadinO, in. It is Dossiblo to moasL.-o tho amount of blood flow into
the sac (Increase in sac volume) 'iuring say, the first cardiac cycle after
occlusion, and ttake this as an indicator of the normal blood flow. It is
also possible to u'no the time for filling tn sac and. the amount of its
di~ntent-ton as urnno of circulatory conditions,

Mhc <ctca.anal ogy for th:' sntcm wouald be a CondCV%0^" ia '10WC

(to renrescnt vrnoua outfilo!1) with an o,m. C. zapl)ied to Ur- t-arminalr * With
the ror cmif~f the leak is cut off. Ono observesi, thon, tho r..to of
accmulnt lc of ouuctricity in the cendlrsor. Ono could in ndditi -in bxr.



tbi - ft.!n* a.~~ilto nd the t 4m'i, ritqir-1. J r thait norunitIntion tn tr'k-
p~ ~ 1 w \1ht-.qt. mvc'-joiror, !I' vii iiioriiiivtlor abouLAt the~ rippiLA!d C .m. f,

(the nri. &1 pronvilro)', thc enrpity (din~tnori.Ob-1 tv) ind t.6- r combi'ntion-~.

Sihn vnvtlioll 0.1w vennar. aovilmor tolhniqjuol woulld 1o ian atcrl~t~vc,
LiviiU-i it viciiil fnt noomf tho rinly' wny of vlvin- tho nroihlum. Ono. coul.1 of
cmre rvioarni1'v +thu chh' torlxl-tiri of ai orouit In whi'Ai tlie onnrlori.iur hnn

~. AJ.LI AlI. kIc toi 1,~(,') aidt oaj.oui, to fvot tho nomo eintrkrtv ho. would U' thu
1(ii t wot r-movoilo t* i-in OflO t4  t -,xrloot to rypt tho riic' rno-Uitv, from tilefluru-
,ii'.tr n-+,ri It, thiu temlinvry 110 wrlni& el ondilnn of tile iro.ulntion no would
Owr)'i frorl twl '11110, 141iobnrritc to0)njivu' of' nduait~ir tinny~t~~

I'-i e'r wx'r'~rtw itto 'i nr votill ruu-no Of. t11l .jaits Fin apnliod
or'. i'P0 olet'd U~v bt 1-O i. I1 ijwur wivi,ch hidl tritwgulr rnhli thAn n

;'ie'(,i i et anil ro, Ln rnwh n hclIptht, no ovontilally to rfbidQ thc
T1. I' k1 11 m U IM neo (o P1 r.. )) 'ft- ivnilrl soton hoisvrur that 'twich

4' Pv1 u. *T~rttovrl ivn ronimo nolod to tlia vouo1'vair
uniol' .1(11 1inoi' n l 4 ionrr i'rfion in-1 no'r tho noirind Involvorl would nvoratio

1/2(d h~~uw I i~uiiHidprotinro1 Thc finn] qivint.tty' contt'l nod by thocs
ri !. iritni r woutn H1A v --~Coro 'ro ItiRIn 1-3tin Ilitit pi'odimier. by N11 nrossuro, but

* ' n~r''innt" 'hou~1 e 'rn~o r'th Mthrn'tt tokort by 10o pticumthnd.
t~ni )i t"o rni.t, (1' fn ow WOtl.A t Aonttnin fly lim-Inishrjrl bon 1 10 of thc

loor, ,t-ii! nvr -3 '4ro 'rOili on1Q '10atrrupnt Vo anothar howclvor' 4 hi would bo
""tint "it-t, "I rtaz,ho. mortvuronionts would vnm'y nocord-Ing to tho volun.. olas'-

Pth -ort of rocord nbtineOc from n ur umparimntal ;'rrngomon4. to shown
n Fi'r~. R. * The tota volun y]"eCin-vo boins to r4 ne about liS" aftar tho npi-

c 'ii I n rof prensmr- le-its, a noint which in doubtloars ronrotiontativo of the
,,rtouo prorisure,, It rises in somewhant st-o7)ir~qe fa.1hion in tho succesivro
n-lsos tuntil a ont. of equi:libriumn in reahed at about the same timn that
thow pulse (unpver lire) disappears. h Ulit1tle after tho noint whore tie
wetrrnal Dressuro 3trt rari dly down thnrn JI a ilit further Increase in
t~o total1 vnl-ame, ioubtloss this .ndlcoator. that the arLery has been (--,ened,
all.hmi-i fairly Aiigh oroocuro to ovorata. Tn about a secoad, then) the total
vrourne cloclinos rarlidly, Indicating thqt tho vntns have now bnnn oponn6 and
the iyno- re xturnin'g to normal equilibrium. In the record we have

vlpn ie0o tirnn~f +4imn ifnhmane C714v A lT%14 nt4- "n 'I.t I *rlS* ~ ~ ~ *lIIA , ll III i~U QI'

oxtornal prossure to tho point of mwcirnum is Htension; Timeo B "'rino to Vonous
Reloase"l, fron the begi~nning of presstwe release to tho bcginninp, of the
decl Ino in volume; Time C "Equilibration Tiwn&', from the bosrin~in r thi
docl*nc ntil a normal equilibrium is eatablished, as r-oprescntod 1by, a
strald:ht line. Tn addition, the amojnt of distension wias moasured.

r r thn I'oref-oine analysis is corroot tho Amount of Distension should

sion Time should - epreeent only the ltutter, (Tualken to chargc a
ccndenser is 4ncndont of spplioad voltage.) The Tim to Vanous Raleanic,

'-odbe, D sort oR conrlemontary measuare of' vonous pressure. The rayilibra-
tion Timo would seorn to meoasure tho sam function as thG )Distenaion Tirba.

An cortnin eocnarlraentsa'. Sitflationd wo computed the ratio of' tho
Ditxknsinn to the ')stcnalon Time For tho varioes oxorimonta). conditions
thn moan ratios (pro sonted elsaiihare iii thiS, *report) we-ro practicall.- iMe-n-
ti.al. PhaorottraIly ne'would oecpcct nuch a ratio to r'eveal variat.onn in
preseruro. IAs tho'i, do not, there is additional reason for bel-lovin; that

1A ~ ' -
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pressure vrariation pLays but a s~mall rOlo in the distantion, in crnparison
to that nlayod by vasooonstriction.

Moasurornont of Volume hnr b~ Roood nTo atimVaittn

un-i stafidard donditionot thei toimpoaturo of the skin ic believed to
roiloct the amount of oiroulntion in Ut, and An '.ho Wholo undarlying reon,11
Ihro . undar normal oonclitionn a tcniporatinvo grdiunb from~ tho inotior. ofI
the body to a i oint aomwhoro dieat. from tho Ins Tho nlopa of this
gradiant will vary with tho hoat Innoilaing proportiou of tho variotis tidoueB
and with Mhe amount or wator ovanox'atod1 trom tho aun~i~oo of tho skcins The
fl~ow of heat alona thJ.o "radlont, of ooursio, towlo to dir.±niah tho jradioflts
it Ina maintnud by tho dolivory of more onorgy to tho hig~h points Oinoo tho
to1,ora~turo o~t artoria). blood in about oonotant, the more blood thoro le
owning Into thv' rogion tho grater the flow will. be and the highor the
tom-Poraturo Pat a g~t~lvo )o4.nt#

Thiere are evidontlyr a v'wnbar of othor faotors Mitch would affoot tho
tornparatux'o roiadinj at a Point, howovor. Idealy there nhotfLd be a terminus
for V,. gra,1iWrit lhaving a oonstant tomporatturo inaintanndc in ani.to 6f varia-
Lions in 'ioat flow. The oaporation olf moistim' from t~lo akin will depend

%vunt:Lat.on, an woll Rs nPon tho -,moiwt of~ moisture produioods Aside from.
conduction thure will bo hqa. loso from the body byr radia2tion as well no by
conduction, with radiation traring ilth to mcraturoe in -a -difforont fashion
from coL%'%Utton. The importanco of those di-sturbAtractors an be age assod only'
Lhrotigh oxiorirnnt, Some of thoem can bo controlled with au.fioient paina;
others cannot.

Wo have tftkon rocords with a t-enperaturo imasuribg device ii -certain
oxporlmonts. The transducor was a therrmocouple in contact with the inner
nurf aco of a fingror. ZTe signal from this was carried to- the amplifier
whooe design is shown in Fig. 9. Since the signals of interest wern rather
slow onos, It waa nacecasory to regard themn as direct current staites# Being
small they roquircO. conaidorabWU amplification more than isi radily secured
by diroct counled----~~n--- --- Thn d.-un t.hn'A~nrrn wnn +.r% V hzn
signal with a vibrat'or (60 ops), thereby converting the dlirect curront into
pulses ihoac size would be proportional to the signal, These could then be
toroated as alteria~.tirig current, and wliftod with a ronistance-capacity
circuit, as shown in Fig. 9*After aoUlrication tho signal is again
convurtcd to diract current by rotifinaiono For convenience this system
i o provided with a moans of aott11ing tho output at a pro -ceterm~irmod Zero
-oint, and a device for introduci-ng a test signal into the circuit for
cal tbratton purpose cm

This circuit sorovcd as a pro-amlifier for a diroct coupled nplifluor
with.11 aufi.t dic ru-ise of r.bc elsowhoro in the report). This sort o
device w~as almont a noces~iity hccaucme thore wore in many Sts long drifts- in
tempuratuaro, of uncertain oririn- -Which would Troquovitly bring the recording
devi C t^ +1-%- &.vA ^4' -14.o aro W '3tI1J4- Ia ~-1*
maku the outnut of tho dircet coiiplod wm li a a recording pan, (also
described elsewhoroo).

To naintain something Ui~ constant tommierature conditions the SI.- room
was coolcd by an ai '''rto a tcyr"Itctlarc Of 7120.
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Though goncral observation of our records indicataa that thc listurbing
factors -olay a Dretty largo rolo in tho meci uromont, it is po~siblo that. the

method my bo of some use it tho atudy of VasoWla rosponioaa
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BREM11IING RESPONS PIIYSIOLOOIOAL IW-ATTM1 AN1D RlECORDIN TV'CINIQUDES

experi'iwntal study for tho purpoaon of lio-dotootlon (I)* It uatll aonsti-
titoc of courso, ono of' tho throo variubloo oiR tho onontional Olie-
dotlotr"O

in t'ie oIU'y days intorprotation of b)1oLathl.fig moeonnto Vioomed to dopond
a good doa). on aontliotio oonsidorationot nyjnuotrtoal ernd rogi).Ir t'veathing
was rnrorrdoil i's normnals Honry (3) actually appl4.od on aoathotlo gormila h3
tivene kch l i- nvltto of breath~ne, OuI'voLI Evon up -to the proLornt

timenoyhvlgina 'avepai noattantion to tho rolo whioh breathiLng ohangoo
m'ay play in tho phyuiologtil ooonomy. Pro" tho undantaicding of Iantoal
rosaionses iini for thotr praotioal uto In tho dotootion procedur uch
knovilcchgo nomn nooaaaaryA

Theo reaniratoi-y movemnt systom oipuraton so as to produoe a poriodio
onl'arge-tant of the, thoi'aoio Oavity by' tutwad fooliloflt OX the Oett !401*
deprosstn :f' tho diaphrani and outward dinplacoment of the abdominal wall.
Vie nervous 'kethnnIsr whioh maintains 'h1a paviodic actl4Jcn4 oistsa~ of three
miain parts. In ordinary bronthilng the respiratory center in the- MedullsA
producesi a train of impulsosp gonorated in the conter itself, vfta h upon

arrivin in the thornoic and abdom~tnae maucloo tends to pkoduceisiain
Qper-tting by itsolf this mechanism would produce- a continued distention of
the thorax. Buit its output iv ..oditinad by tho opration-of- two negative
foed-backs with timo constanto such as to produce an. overall oscillatory
systom0 The first of these 1is activated by pressure rocoptors in the alveolar
walls which set off the responaos known as the Hering.'Brouor reflexes, A
distention of the walls will ao'vat a relx vhn*S -nmr-* retc&t sVe
the vagus, which inhibit3 the output off the inspiratory -breathing center, so
that the muscular contractions arn- reduced and the chost cavity returns
elantically to its normAl sie Tn gatse the HeT: g-SP1 --fle i- epe

adJacont L~o the insnirator v. and the redunioton ef the! tan ~to't i pe
UP. Thc sccond modulating foedback oporates in the same fashion) parallel to
th; Hering-Brocr ref'lexes) 1but its mochanism in-wholly neural. The pnoumo,4
taxic sccntor in the Dontile region evidently receives impulses diroctly from
vise :maIn ' rcathaing center and Leeds back Inhibitory and reoiproon-lly acting

:Lmvalvos a) t with a Pertain tin1mL- 1la--J

nth normal breathing mgvon&rt cycle is asinatrieal, with a shorter
inspiratory phase. At the and of each oxoiration there is normially a briefV
period of rest, with perhaps a slight 'iove-ment in ono direction or the other.
Thus the cycle may be sald to coinslat of throe phacss, inspiration, expira-
tion and rest, thourgh the cxact boundaries would be hard to distinguish,
During irhonation, of course, thio form, of the bre-athing mftoveynont is groatly
nltorod. Oincc Voundz- are )roducod almost wholly by e'xpired air the timo of
expiration tends to bo maximized.

*For the basic rhysiolotgy haro summarizad, reliance has boen placed upon
the accounts in (2s 5, 6).



Tho claracterietiou of' breathing~ movements aroa ubjo~ot to wide valriiitions.0
In ratu, howuvor, wide fluctuationa aZ'c f'ound torincipally In disease condi-
Liont-. Moderate oxeroiaop on the other hcmdj piloduces (An inac aso of only
1% in brc3athing rate (2),j Dopth oP broatiis ond~of oolirsw tho vontil'a-
tion per minlute varion gtoatly avaf in the noirmnl individuial, moarto
exorcise raiaing tho intanko i5or oyolo by a Raotor of T&

111i itiputo to tho breathing aystam vhich inMiinto thooo ChCps Oro
not well understood# Cortain of'iooto aro known$ bu~t nono rootm Urgof~ onvh
to account for the size ofl the ohroea Oomioal rogu4toxi im of oourue,
of cnsiderable Imlortanioo 1110e 002 oontent ci thoi bled Ams a diroct action
upon ranniratory cantor in maing 4op%~ or tho lvphio Dooauco of
thic inpiit, mny disurbance In tottnl vontilatln WLltntob llwdb
ito onrjeodto. In hypovantilfttion the 002 in tho bleedl 143 1rohuaod wci Ld obihOar
thinge boinr aqual a Poriod of lwovnti~tlon idll onfs.

Inputo to the breathing sytomu arc knomi to co'nt from tho comtcat.
raooltors of tiortio and oarotid minuo omloX, 'so that thiO roV0,ation of
breathing by blood CO2 is doubly dotormiJnidt Mudoular activity is btaliovad
Lo initiate roi'loxe's which incroaso the activity oi* tho Innpiratory center,
and, quite poanibly tho excitntio of oyi ssonoo ozrganp (or a. chmigo in its
excitation)~ has rL 'similar of~rotlt Since breathing movemanta- can bo
controlled "v-toliintarflur" until the blood 002 rahea certaIn limits) it may
ho inferred that thoroeare pathway~s over which inputs coming through the
cerebral cortex can roaoh the raspfratory centers In eoandl~kons vhon the
organls~n manifests asigns of nutonotnio -activity there seen to be, -typically,
breathing change a woll, though not 0l brahn 1he r ietY
related to autonomic action, One miight expect thorefore- some direct-donnoo..
tion botwoen the aiitonomic system and the breathing system.

The general. character of the inputs to the respiratory-movement system
may be quggested by m. olootra.cal network analogy. Ono ma~y think of the
inspiratory conter as generating a oarrior frequency, _which Is rectified and
summeIId nnr A "rn"4^i ^v +Av~ft fWr, 4t^ .. -L- 71 -, 5 1aa d. 60T

manner of condttotion in an aelectrical netwrork is different from that in the
nervous system, but thin ooams i'miaterial for tho prauent piirpone.) The
roctifiori 0jutput+ JAs t.hn ta"Arr^ed 4-O tO-U i' _ta ~,u~ h
signal through an output value* This feed-back should be considered as great

an Bg s that no .i* ju.aur W.L.A UP p~~hd are
frequency therofore has a slow wave imposed upon it, actually enough to cause
its complete obliteoration when the feed-back is -conducting mwAdmally# Thenetwork would be that of an oil+ mntic v00-4.m co ol circuit adju W d6to a
Doint beyond Its cr~t~cal oscillation frequency so aa to produce a "motor-

boatng" ffect, t1h6 analoiue 0~f th 1-Iwigzcce
Su.-ppose, now, that the Power of the ,gondrator is incroaoodo The effect

would be tc increaso the size of the "'motor'boating" waves. But it would n0t
tonange the-iir frequecy.,~ Pt-- this wrould depend only upon the constants ?," h
network., not upon the input to it. The analogy would -inean that increaeung
and decreasing tho activity of the renpiratory center by chomical moans or
by neural ilunesfrom oul sio the brathinr, system cou7ld obhngc the
dopth of breathing, but would niot affoct its rate. ilovortholess -rvLto changes
do, or courso, take pla-e, and t - ini'oroa'cG is that tho cotants of the
feed-back circuit arG samehow changed.



~In acj jU.irift&7 QTin VjriadUJU O.Sasos the roceptors f~or the Hering- I

B~reuer roJlhlee arti snsnitized (6)o Suoh a condition would result in an

inprornpd. froquoey of' the broathing rhythIm as woll an docroase in depth*
~nai yjri ht M~ t. a aftn ' hh amnti of tho f ead-~bckc

circuit, and this may bu ono point of' input, Cor roiipliatory nodifioation
in tho norinol individual likcowioo OW aouo ohtgo in fhoe xoitabillty of
the norvounl nrthiwy iolvotl in thm. rood-bnot woiild havo tho ~iamo, a ffe 3

If thoro ic an inoronno in dopth of' broatn tho noural oxiratoryI
mnhaniam mnay be mt irdo ntion by otimilation of rooovdorn in tho alveoli
,whose throshold in not nomially roachado %in In) in of'ootp to add an
addititonal raad-baok oirovit to thoe yntomn, and tho inaranc in food.4baok
would incroaso theo fvaquonoy of brinAthinrg, beaus oxpiration would bo
rcastor, and tnsoiration would bo aot off' nooer Somo aocoloration or
I- IotthIi'g wovld th oaoro ba " oduvxl by lnoouaiur douth$ and t.hin' ic
itndoubtodlv,- what hiniinnn ehwiiq oyocroiao in 'part;

Thono tWo mochnnisnis would rm'duo difforont fro quocy.- apliAWdo

rolations. Snnitization of' fooci.back vould produc challow rapid broathing,

aOGG~avd rouitigs~ Though tharo lai a carious lack of' information about
inputs to tho brunthinr' moohcnicrmi, nart1koularly about inputs from tho
autonomic norvou.- -Watum, it an-poarti that thay can bo of both aorta, the ono
Moxu.ying '61-1 lif*- ,o~ producd1-j i-i ampliude ohango and a coonsu,1

rate chango, the other modifying somo rart of the food-back virouits,
producing a rate change and an invorso amulitudo chanvoe. The Ovoluantary"
rosponso wncchanism can apparontly modify either or both characteriLstics,
sine it Is nossible to duplicate by instruction to S any sort of brooatv.ng
cyolo, at leaet for a short tln~i. Thoreforao siP~co rato and- implitude are

them as two Peparate variablos in spocifying the rosnonso Qf the rosriratory

systom. In cofl~ceriLng the effecto of respiration on the other hand ono
might wish to combine the two I.nto a moasuro of' vontilation.

The f orm of the broathing movemint cycle ma raclved a good deal of'

attention from psychologists ()()ith the I ratio taken as 4 measure. :
It 16 UisIUM vuvioi, t Voca.lizati.on by S shortens the timc .X inspiration ;i-.th

respect to oxoiration and to the total time of the cycle. There dre a number
-tudlurs- j* 5-i JAM th c~r rorancou vthic'h arein f ining a

rolativoly shorter uxpiration timo in various emotional situations, though
the number of casus is quite small and the situations ara not well identified.
13nussi, in a substantial numbor of cases found an increase in the I ratio

during l~ying. if the aviden~o for dD 3ireaSo As acceptead thereOtTO
two mechaisms for changing the ratio. MJhon tho i~ndividual is vocalizing the
snund producing systup, dominator, othor breathing Y.agul:ators within wide

limits, or, ono rdrh ba2rsy the breathing ays;tom bocomes a prt of tho

sound Yroducing system. In this case the I-phase is relatively shortened.
A relative shortoning of the B nhaso is Ymore difficult to account for. A
nossible explanation iS that certain stimuli ("amotional"t) produco deep
inspiration, Dcrhaps in onoc eye!" only, ;,irbaps in a suries. Becauso of the
depth of this inspiration tho Tiori.nz-Brauer oxniratory roflex is stimulatod

and cxp irati. 15 J5crc Ur~
procduco a dirninishod lbreathing mroaont for a few onyclos (S "holds his
breath") * Tho rx..ulting 02 clo0fici~ncy and C02 excess 'idll eventually Produce



with tho sano ofroot on the rt-phasup In oithar oaso the I chango is secondary

to the doop inspirations Anothar nonalbility id that the , onsot of the
Invoiratoryr ohnso in inhibitod, and tho doltvy counited as part of tho procod-
ing, E,,hasos If either or thooo ia tho oxpntnntion, tho hmoftiator may be
relieved of tho totiotiUly Imposbibl tank of 1waur5.n tho I ratio or

I-I

4* Dvico Contruaad fx oordod 1roath4

Tn tho rrLomoflt oporiniont throo broth~ni; rooordn have boon unnat Two
of tho.9o ro jordad dinplacemonto ol. tho lvdy wal)4; tho third rooordod to'ipon-
tivro oh ig~on of 1-ho nir 'in gront of th S flono tId m~outh~.

To avoid tho non-linoarity inhoront in a pnowtatid myetom olootriocil
poumograiho woro utiod goir r~ocrding body-wall tnoveowntse A 9mall, atraight
potunt iomotor of 300 ohms wan mointad in A motrnl box 00%,it 311 dquaro and 1",
dean. A :lovor attaolhed to tho alidar on tha potontioinotor protriadod fr'om
oric -Jac of' the box. llio box ruzotud on Wet ohosit or abcdinon, ntippdrtad by
a bavid hung around hin nock. A shortt nord from t-ho lovar rai oven' a pulloy
And tvas attached to a bolt that enalrcled the ohon1t iii abdomen and was
anchorad to tho bo-x rt its 'ho nd xi1on of the bodyt wnfll, it will)
hG seen, moved the lover and th s3,Cing o.ontaot on tho potchtiomator, A
Ui1gU spring attached -to the lover and the mounting awaad the lover to
rotuarn to its original positon Mien the body circumnforence diminished. Two
of these =-Its could be used at onee. one on -th') cheoit and one on the abdomens

Across the potantiometer of each unit, a 3 volt e.mJ. was apnlieci from
a selenium rectifier * The s:lmal~ wan takon off Xrom the, -negative terminAl
anet tUhe varidble arm aTad carr:iWe to a dixect'coupled amplifier unit with
automatic ro-ant. The oiutput, of th4.! -va pas:;od through a converter and
p~ower amplifier to R i'ecording stylus. (IFor a doncritotion of thass-0 mat
see the section on geh-ar&:L recording kpparatuo.) The. re-set, nchaniosm of
the d.c. amotliftor operated Uhen -S had a particularly l-arge inspiration or
when he shifted position, but for the most Dart it was not called inteo
operation. A record -produod by this reciording system, is show~n in -a 'later
section ("Procedure 6 and 711).

?FIOcirig up tomperature variations from the air near 51 s Mnou~th and nose
seemod. arn thoulgh it might be a convrenient way off recording the breathing
cycle and 'iguht. at the same time produce sone -new informiationo

F~or this tyne of recording S was rocqoired 'to lok 1into the hand pinca
taken from a aterooscopee A thercuplc w~as attached beneath the head
piece so -ftt it was level with SIs lowrr- lip. It was -ad-justed for- each S
so that, it was abo% t 1 c.fron, th10 li. fl.Gaadj~tg febin thist transducer was
by means of the emplifier and associated equipment despribod, in the section
apparatus for card eovasciular recording~.

Measures actually used kir, Vic exnorimonts were the fre-quency -and
arli11.tude of 1&oathin; iiaveniuts t~icen from tho pneumographs, aynd i-aximum.
and ininimum temperature in a 7iven noriod' of time in the case o! the thw m-
cole record. For a £013 records ta~keni during a ie -fttion mp'mrimpent -an
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attornpt was made to moasure the inupiration and expiration tins,~ 1Thc plan
Ilan to draw up a riot of rulos whiah alerioal workers could follow in making
theo moasuros. It Petrod, to bo i1porniblo to muake rubs which did o
require aontinual iterprotatioh and additiona as tho vior1-wont nlong, The
chief difficiilty was handling tho rot poriodo in tho broathing cyclc, f~or
thero are no o).oar domaroationn batwoon axpiratIon roat poriorl, and Invnira-
tioni, rtroqlontly durinig a roOt pu)iod thO110 iD a little0 BIOPO to tho~ 1100 ill
unm dirootion or iAio othao Doomms boundarion aro doftnud b r dixuotion of
mlovo'TInft nn1 a.lmost Iiclitinavihnillo 0,1tmfro hoe reaultv -in an onornous
chanvWo in tho T ratio or 1-frAction. Aftor amvral &Wny trial thorofore the

ft+,tn n o Wli 6bnonrd Thon rdiffl~illi i y pxjlain vA.y :1n';cstigatorn
wyiytr to itln qia tntitaive manouramants oC this sort In :ioi dtotio have
Como to nuob di'vortin maioul t ad whyg lici dotootor oportou apprwahttlyr do
not mnko tuxnloJt uno or tum ratio ( o.,

3.Oomorition of Ghout and Abdomina rthn

Provwlm u rn t-xrdo fu~~or rmoorriin" +.ho chapt and Abd'qnt-nal brO.Ahing
mno0vun"tits siimultwnuoutly on tho 1',r4thouia that o14bnli mig!ht produce chmigen
5')o(e ic to onw of' thoo at barktt in nom~o in'kidualai, To toot thin- roosai-
billty 8 Sts woro run through the sin proceduare as used In tho pabttorn
analysis (soo l'ptor sniotion f'or donri~ti.o), Racords woro moirr In tho
samm fpash-Ion an uso~d in that oipor-Imont no an to give a maimmi-ininum
d1±'j'urocirc iii ouiiii 5-vocond period mulsuruds Peride solootod f6r tnoasuro"
mont wore two M~ore t.ho stimInsu, ancl four hvq~inning in sconds after tho
stimulus. Each S had four llnoutraltt qustlons, 8 decaling with taking nionay,
and 2 threats of shock. The moan of ach oal1r of periods was then obtained.

A orr'atori wia. coijip'ted betwoen cliost ojid elxoinal moadvres f~r ceath So
7hese rfs wao for the mi~t part bettlon o.0 and .80. They 1300m to indic.Am
that substttially the seine ±nfortnation is 0.ivnn by the two typors of record
,vion some allowance is inao for arror og mooisu.-oinnts For the subequent
OXA',uriiMoot 1h, fr, adoinal tvoAth1-,; record Wau mte, n h
channne. used for a difforent varitbboe
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CHAPTE XIV

'MriSOLOGT.CAL BASTS AU%'D T1~INICQUE OF BLEC~OM1YOGRANIIC MIMDES

Although most titudiotv of e.te dUnitinq ofoohi nf atimuli upon the
individio.3. hava boon diriotrd toward ObangorJ in tho vonotative processs.
rogilated 1w thci outonoinioc nervout, aytm thoro Ooonia to be tit reauon h
invaostiant-lori shouldrli ti n oonfinod.6 Tn .Caot tho alcolotal mcular systemi
Is often praounid to tako Dart In an "lomntional"l reaction and to mantfpat
varyinrt ataten of toncion, D'aoial ox-)roioons aro, oR owoo, obvioue

i~u~g~ ~b's~011"0~Pwl rn'oo (LniaMU and "hint) -,- r, roction to
i tr'onP. auditory mti.'uli to a.tio woll lcnowne kuditory atiinuli of lons~

i tf~~ity alsit? ')rolvo a iriil.Ar roopofl) .1p,~ v rtly n-j+. nm oet
('11o (4t). Malmno (8) han pronontod nvidonao that for corthin individutala the
nwirnnwouii Lw tyrIota -i~ tho fmvorito 0ifnnol For manifeat n~eurotic zyrpto-ms

flnnnntvably EskalotnlJ munole rosponsor' iity bo qealtu gencral, Vcmounting to
a hoirlitonino, of tansion thruuqhout Vio -,usoulaturo, or thoy may consist of
parti eular rwt+)nk-1ut (tica, for oxning"Lo) whioh f-ond to occur under all
cireitPuoc. They may aLso oorwtst or pattornaof cI' toolo oxoitatton, more
or Insr, poifflini' to ni-i 1.ncitint- r{+untinn, nnd immodftt ata+to of thoi
organ-tsvi ,,-ut as ffictlve overt riovo.menta do,; All. gradatirn hetwnr'n
theV,66 variatieS aro 131lkwise oibilo. I Whih of theso ahould be oltulood an
"cniotA.ir.al t ' rosnonooo it 16 itffi ciit andp probably us~oloas, to decide. They
mrino howeovor nhysiolog-ical) Eatatos and may ba uisod to detect snntecdnts and
nrediet consoquoncos if the relevant rolationship-. can be diecovered.

The physiological mechanisms underlyving muscuilar teonsion roiponseos have
boon discussed in an earlier papor (1)e In brief ther3 is typically a
simaultaneous excitation of both musclon of an antaf.onistAic pair. with actlyity
not bolnp, confintci to one partioular p~air (see also 5). The nervous channols
producing~ the muscular oxcitation are Chiose of the c.ns and ovident).y taeso
havo a certain amount of Activity at all tinos exct Unda r: thnr nrot-
circun'sttncos. Thi amiount fluctuates rathor widelv with the stimulation of
the individual, and variesc ins goo(pranhical distritxtion, as well. as amoun,)
Pcorring to tho circumstancos in which the indivridual is:nlacad

Muscular excitation, e sine ia.ly whntoo small or too equally )alancml
to produco movoe.nent may 'bo rocordod byr pickcingo up action poteintiis vgivon off
by imiclu fibors, by mnn of electrodos on the s')'- 1:knrfixca. An olectrodo
will pick up nntrjii-ilT firopn only a )4imited area because of tho attenuation
introduced'by' t"ioe fliconductors cf the body) Nevrtheless the activity
of n vory large number of muscle fibers affects a givan C.lectroco anti thoir
combination would on th-c avorago givo a zoro YpoterhtioLa. But of courso rocord-
incg is not "on the average1' but of the moment-. thereforec one pickas up the
deviations from the average, which, there is roason to bo:liovo, would be
prozortional to the n.winbewr and niagnitudo of the original voltagos. These
musclc fiber totontials incroase in numbcr and in froquoncy as the intensity
of stimulation incroasos.

Since the co'nfoinod output of a group of muoolo fibors much resambles
"noise") a miyxture of all fraquencies, it in advantageous to rectify and
intograte those Cignals Were, thoey. are recordoa: total voltagc soome the
most si.Cnificant varidbloo



Tho axpnatum Llused inl these studios is basically tho emei as U, at
4Sri'"Vod Uj DCCVJU (2) ('3)#, ZI consists of? five nrinoiiai partn: amipuirtor,

intoegrator) oleotronio disocharging nuritch, iphao'q inverter, rocording stylus
with nouor amplifiar. Four idpondent channols of' thin' sort wore; constructed
for use in tho. presicnt oxoriviont-bo

Fin, 1 shows the circuit tor eocb of -jo tinpliftars. There are throo
Stages in each, oach staga bvitig mounted in it roviovable can for conveniunco
in repriir work, Tho canap an ahown in thw C iagrtun plutg Into tho basic
chassis contnining tho bania niapply aircuits and intor-atago cottm~tions*
17-Ch .tago, cotaina A. nair oI M33 tubes 0onnuoted In iuah-'011 In mror
to achiuvo indopendonco or tho onveral ohannoln from oaoh other whon they
aru ccrmicotod to 83, tho Oirat otago of onoh iti eparatod unrgroundod and with
a separate powur vurnilys For tho ftrat atagoo tho Domr aupply waa trom
ijattnrior. 1,o 1'dlion noiso arfacota, Vor the ubsequont atagoo storage
iarutturuixtrkiX Usad for the hator amply) to avoid in tiotiv 60 oyolo
hum. bul. -Lhc Ivigrh voi,+ngo word' 8ntisfactori'Ly, w;i q ,. vc ior of
standard dustign6 nioro ara two noh rootiviovo each mnpplyinC. two chamnnels.

rA q-~t #n4-n coni-rol -% ~rovidkd for oach mplifilars

Tho ptlah..pufl oitput '-4' Unch miiliftur goom to mm intorgratore The
cimm~1it rtonliin, shiom in V~L,2 in with a:ligfit modifioMatona tho onmo is
that d rcribod nravloily. To bho iutput of oach intorrator an omcilloscopo

11~~'~:1L~rit: taclitjor (Ahend of' tlo Nhaso invartez' doscribod bolvi-r)
-fLotls o±. tinh wvj iobditnd by a &) cyclo v-1mp circuit., P four position

-3iW.Lch mridr' it no.-m1blo to viov, -m the ot!-er ac;1. tho inpuat to mn
intoprator for tovt nurnoso, 2 * the ouatpult of an integrator iihon it was
rocol-ibr no i.nit, for bal'ncing purposes, 3. the output of an integrator
-4ion it man r. cooving a tost (60 cycle sirmnal) and h. tho output of an

tsratr hon Its innut uras tho signal from the anp:lifior fooding it.
'Aien an S was boing ruin tho svltoh would be In the lact posItion so that the
olocrator could soe :vonts in S aoen vh~n the raphimmcoee waS ;10t tUrmid
on. Other tnositions would be usod Ror praliminary adjustments.

vn;.n p~ial. ,njy- tji .4 -w- -%%1. th& L1-~ Wb& UofVo

the 6io tubes), then allow it to affect the rato of accumilation on the
2 %X. runmori shnnwh in tho di ta3'. -.00i O0C~ FY'. 0 61

direction~s on tho two sidanes 4c push-pno.1 circ t, fAA 44

difference betwo%1n the two condonsern would be prooortional to tho sum of
Lho roctifiod sirmnals.

It i s ncccssary to provide a devica for discharging the condeonsers
r ..oe icall1y. This was accoimlishcd by an electronic swfitch arrangement

WIqICh1 )rL.Wv.iAca a aniki ±ing na hurzy for this aicag vory tanthk efl a
tiAC.ml for a briof period. The circuit is shown in Fig 3. An oscillator
withI a Iona nhnfsn nfld -v qnr. n1hn - Itn^ +,v ^4 -IJ 0 Gci

a1iort rnhasc. hb a cmulinr- -t 0~2 ri.. -;- -c± -.. 6

IlPhin thostu arc conductive the voltage th,.,y applyr to thu tubes 2051 causes
th to bcomo conductive also, so that a discharge pathway is provided,

Tho -notontiv iffcV~oronco across V,.e accumulatinrg condenvers is not at
ground rin cithc~r side, nor can t'1C.1 circuit 1x connoctod toa further amlifier
with a ground in the cintor, beamse the input r!idv of the oinlificr woul1d
thcn bo loaded u with the~~'~~ ~ ~ -- i th - ~- A' lel-
condon sor-condencar 4 iffferanm only* Honc the condcr~sur-condoncc r volts go
is Inut throvrh an nhrisc invL~ri-~r.11- nc-or r tV ~ in t4,4r. 4-^ thV,- scn
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- M-AW _0:

oupu is bruhtt rounda (A seod ias nvre convertvu the 3inlto

nush-pull, wIth conter ercundt, Sao Soction on Gariara3. Rocvrcdinf Aparatts)
It is then Dutb into ca ona sta nowor an, nior which norves to drivo *1'hh
rocording tYLuIS fOr 0401h 0110401 ('Tho atyll anti driving circu'lts are
ftnscribo1 in the Soctinn on (1 onorml looordi'nr, Appciatun *)

To cali1brato tho oovnzeal aotion w3tontir3. rocorcdtng oyntoi'nn a Cormmtator
sAwitah is inravidmd in tho innui) of2 each., lor onl~iArating~ thin in thrown to
a, pasition Pzii uti 'i mmal1) known voltarta at '100 oycoo into the niifters.

T11jjj5 clSS$ 4 tal It,. by a or-i10~.1 aouJo itr withf it InnamroI ' ii pli' +,4111011
Is RttenID41ted Lrj n diNUider. 'f'hite dividar is provideiA iith stoo of known

W1.0r) t) W~li4 1JU~ttia kl.l k.TV Orin bo dolivoled., Foll ulupl.1% x-voe
thin im 1van P'M3d t~hrough a 1-1 trntomor (with no mioanuraW1.o loon) befoo~ It
0'11% S Ynr onch garin, aattmg used.

F~or ntn+.UU1 renanone, it In1 davi£2. l to have Latlof Potontt&l v".1vor
=.xjrocnad in toirio or lon Mv (6) one con dotormina thea in-Wrovolt vnluo rand

tn-ortrt 4'.t +.otr' Inlp, t lhnoevr when thnro ic, much data to be
nrooss,1,a s1'r'rtc- iothnci was unod. 13ofvoo eaolh aporiment an overall

callbraAio clirir for onel ahannill wari tiooi1 !,y Introd1 uaing a serion of'
%.Tr'1+tag"#1 4Vnt'. !ho Te Aaftcoa 101! of tho e1tvyli (w.ith intoorat-or operating)
worc kc-rc or cach and ilottnd A-aint tha knmcilm inpit16 It so him-.,ofl
that. +!%nr(.1 n ,Itni ,w bo iNttnOr nlxvit. aqually W1ll with a linear aid a
lorparitwntc N'nc1Aoln. 1or convo'vlnnoo tho In~g 44unctlon wan choson;- so that
I noi~ring tl~v tu~o etnot anto of Vtie f'ittod cumm one could read a given del.Xtc-

'onl as indiuai~ig a .oartain 'Log puv value: thatr Is the dofletion in propor-
tion1 +,n tbn Ina im innii+t (This ralation 1'nibi balmy riboxit ng 4 ah~
Ahero the defoc~htions aro too s~)lto ho OR 11"401 %3o anywray.) When the
gVain1 Of A ,-'TtCrq ill chan*,otl thr. offoct, is. %Ath the lox scale,. to Add tn. or
sifltract from, the value a H.1ion deflection is takenr to indicate (rather than
to :miltiny it). Tho anut that ahonldl be addod or subtracted in (10toriminodj
from thn chec'c calibvation mado for eath S for oach ctain sbttina. By addinii
or sutrnetin~ thi in hundredths of~ an inch, from the deflection moasured
in Iminr('flli~n mf nn 4ynch. n nrivrur atL a vnlno1C 1. hich i~q in K 16f _1V_

Flirures in this form. are uned in tho stattst~cl naltles M Whn 1ISe-
do.'irod, say in a set of final moano, they can bo convorted to loa rv by

., tvhoso value Iq given in t'Ou i rginal fitted loarithmic calitbratilon curve.

-Tharo thiera wore ,;ubstnnti al numbers of rocorda they were measured on a
rdovico known as a "Tio lore afert I' "is conxlsts o.C a carriage which W.31. wVind
a hner frar T bcward at various seds according to- the pressure"n on
a foot ooial and the setting of a nvmbor orl puza buttbons. Aout a foot of
record 15 exposed at a time. Light fror, mercury arors i.- reflected from, this
Lirouvh an optical syatwam -provid-11 aa fiton ^12 ~dfcusdo

jroun(I glass scroe:n beforn the owxratvor. Thero in a hnir-line controllodi by
a whool which in n tiaccd tangent to thn record 14.no at the Doint where a
moasurement is clur'4 md. A dial then roada the number of hundredths of' an
inch the noint Ls Crom, soio nro-not zc,,ro. In takin!", moaruromonts by the
logarithm~ic systom tho zt-ro noin'. wrs 'nrt-not according. to the sensitivity
indioat'id bty thu chcck cal110rit]'n .or theo rcicorel in question. Thus the

Vi tc, rccording cystecm, and 1in ."r on thc- Te).orocdor roads in terms of
K Thpv dirvctly.
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TECHV1WQULE FOR "ME LSTJ1X OF T111. GALVNIC SKI RESPONSEV

The nhyt'tologioa). and phaanihonioal Vampo or the gavanio aktn
responso hrav hn wmlnrgi. ,1ainet (1) (bh~) 6 oujih Itoi naturo ia

of.11 i-0.udes d In briof 4J. dationda uvnnt Wr aftim.ity og tho tisouon
I~n tiio awoif glandsn (not$ an of ton ouwponod), upon tho rmtount of~ moin-buro on
tbo qvurfnonofi tho artin) * Thorio nombr'nrnn A14 AMOnal R vp n%%4 tv,.%A n

3. v nr, mombrni in rvr, mirl whon a nwi'.i. noloo trio oinront In panood
tbrol'( i thumr -1-hoy r~nvalon a ocnito if tiolootroonualt in whinh thoo
flrilnt in on( diroution aro moro pcltvid) thoaco in Uho othor loo A a
I n n I *.1c 1Uhe C!& LJ with UnJmoo in tnoralp oxcitthbiof im~ maflflft.oLtd by a

4u,' loI ation, 11ho iiohntii in~ tho sma no tha~t f'or norvo marbramo, but
thr'e --f thei -. nonon Inl vary mixth 1 ona than that for tmon norvo
f Ibor s) thoiwh novrilupa of' tho same man~Atudo an £oiunc in tho autonomio

Mons ~yelioloepical atudtoa havo dualt witha the paiinnv m3at g~land
rn sorasii (1n). Z'xc~i4Attion rif thoarj oat r1landej in br'ovght about bv
1ipulsa.o n), ur the synwathtio Tibeo)n but tho chominal niediator between tho
ncrvn anc offortor rseoms to be a oholtnorgio 6no nixoh an Viould bo o1 viactar-
.,-t-'e or Uin pirasymnathe-lic syntaom~f Tho rVThnda ave tilirore' littlo
aietootO by 4who presenoo 4i aenalin 1.n tho bl.iod. There fats~ make tho
rnnorin one, of snecia). intoront in the study o-C atornomj~ a'ptione So far
ar. 11 l a sy pa'ifloti responseo, not offnet by Parasympathetic action$
and It Is thio ono auitonornic response or this charactor which irn roadily

acoe.~sibi.t a cholinorgixc rizdlator one can oxneat also that state or
tho ti~m -i iu' n bo donipil catod bv long-term hormonal oeffects, since

acoty1.ctiolinc J s an un.tahlo and short-lived Wlbatanco * The st-Ate of the
glandns hol -.orrrisn-cnd more cloecly to the curront action of the niervous
Cytn V ha 10ui ito eoctud in adronergic offaotora, The ar.s.r. should b

;,rr1 U.eTy %OJL Lo I"- Of..~ of~tM~ Oecbts an is
requirod In ll o-do toct i.on o".poriments,

In r.1-cnrdinr! the Dhonomenon oixo haa a choice of two methoda: the
.,=4-^^%, quio (TrehasofI' Phonomonon) and the r-tacqC- i (F56'2ecmno
rho formlar, O'v 'oamiing the esm.i'. botwoon two points on th 1 ̂  e 811in uveuadds
u-non the natural polarization of the tissues and its chan as tho latter;

by.iag~ 'i.'in t'l'; apparont xe setaco, (atual31.y the back o mef. when an
-xenln--~ s.'i dViL.~ luo two onV) pr i.V.1oh', 1~UIL~~-c (A st J.L OLJ' J

~.tnro'~~cx by ~h~a i.II'.C.id urunt. Tme .latter :is the eaniar and
ir~.oner t-cniuc n t* h1ave cortaiti t'loreAical advantzves no

imll. Li~r Ind'ii-ng clectrotonus ono can effectually remove from thn record
the ofocts (Zf all tissue polrvrization oriented I-a o no diraCtion, and so
scc'iro a m~oasuro of the magnitude of one ohonomonon. ratlier than the diff or-
once of two oppoozcd rhanomena, Tho g~s.r.ta stvwdied in the present axpori-
monts are all of the r-Phenomonon varinty,

Tilk^" ftrc "cerain requaiorr.-i-br; -(-r instruments ifor rcorldig this
oncnnemonon if t.; rosult.o arr. tn ha subjec:t t %o quantitative intcrprotation.

A!; vet th pnv1itrrn onz I-ud now thc,7 FU1rucaiii bretwaun tho 5nput
and Vi- niitnat at all tLimer. (34ncu this is sur. to change from, t14M to

.,-~~ix s----- noiua ivivo a tirme'



conatant not greacter than 9211 * 'kt+ a Slowor constant thoro would bo cngorj
of' dynmamic di~tortion. 3, It should juclicato tho total appnrcnt rosintanco
of 31 as wol). as tho chnges it undargoon (gri.t1 innnmaah an tho rcla-

F ti.on botwoon tho two is ok ariti~al invpotmioo, ')4t T- nhotild pass8 the scvimo
rnirront thrciu~n 8 rugerdlens of' idclu Triutuntiono i hid 0,10parant roaistrieio,
sinou th rocord mnrnitudo rlunondor irnon tho ourr~ont, but, In not diroatly
proporti onl) to ' t (3)~

km~arontly nono or' {xu It briiont nno' ho1%~ WjVCoyv'lr ounrro1AllyS for'
1,1 Oedt"CAti on A~l.,i thoso 'q{rVn~,~ ith~ roguird bo oox'trin of tas
"nuo"IOnt~ otni thtm mr1niufanorn (in not, (tivvC, nAv rinfolnitiono Tti ctain
Ct14 4.)' U.V)V It5 TKJIIL-t1 WLI 11ta Ittif itiI,4l~.a uomm ro tl in'% a it

itnc orf.tdnt~y :ziout qu rknti t.atlvk a orwir inonn. 1'c.4 cnu' oriipal xiarimonts
wci ha~ve 1'.0d nonil l lv nnt i 1Mjr"'(j ""1 1*kp'rl'i A41~a Ii~ ~u~j'i~~~

F1.~.I n a nahoin-IA M tn'arm of' tho airowt nt''~lin ho &Inatoboic
o~rotLi.ui~.*Valtnr"I for~ swnruin ,~j tho aurotit In cdoiv A rom~ tho

r,3v n( ~'ki~r' th-. trnnnrormu.r in a dro~ot ovplnc rPinp~iflor (tnoo tnaion
dcrtI~n~th U-; . 11ti it I ton,ou lip by Moms ofi a vmnll filamant Lminmi-

-ormti iuroft 3 1ura1~ Ti11 ~,-urrnt JI trhu.n roc0ti.o and apl'A to tbo

ci~trrcrit ko is in tho l)Iaito 'O.oul of bhIui tatbo ) 3yInr Ofi
el rloiihlo throw aw-A tch S inay Ixi rn',1:tcd by a dumy oubjont for pinrposeS Of'
..0ibra41,on. Thi~t. Aiznny, as soon in tho tliagrun) cionsitts or at sorios of

ton r%-,51m Uitr A .Xpr riiwjnbcr of' w'hich may bo nut into tho circuit by
Moans of it rotary switch.

In this circuit, sJinco tho cuirront in contart, tho voltvrp acroas S
-Iprnnort1 oal Vh: s apppront ro-Io~tnco * Consequontly a incoaouronont ofi

+II* vo:a1c 4 i , : -t :-mufunt of S rosistancoo The voltage tl.cforo is
the sig~nal which is ca'rriod to the input of' a direct cou.)pled amlLfitor With
an automatic rusot dovico (doecribed olsewhoro iJn this report)#

Tv, *,rA-n4p,w 4a,. aV w e4. .,4*VI -.. 1 ,4 .-. L . L... ' L AA. .

.. ,. ~ .. j.. .i J .1 C161 IC A.JJ.L ml1.nzat&O . U .5Jj l'U .. Uri

D ropor orurnting rngCo as ooo au it is cnnnootocl to S. 11hon it sottlos on
t t. An4 .. Uthth vnioiv n -ooimtur on the diai, the~ Indox nunibor showing

throuqh a holo in thc rianol Aill indicato how many stops the rotary switch
ha Pchv'icod f'oua i~oro. T4-" the nim elf ni' oah stso4 knowni *Fiv4 nfra,~v

MIMI,-~ uh~crvi aluwz nho total voltage wich the rnochanisni has apoliod to
off sat the Sts woniront runistanco. With a constant ciurent through S this

that the Iicactina neadla niways comas to rost in th-m zero position. TI'
it loc no. -indif vnlr xac maur,-,P'' rs'sac t rociuirod.

th ~ c ri3tnrvalue inaicati Oy the departure of the noodle from zero can
br- mibtracted fromr that inforrod from the index reading. (I'n the present

B asically the circuit is that descrilbed hVr Davis and Portor (0.)
ne t4A L -% ;anxt

lo'ad ire W16 Abir,-i. -Uii was a !nynr of 14n02 soakod wit~h
nn-Ima zalt solution, i'And cwop of t'vt in cnitr ct writh the rnkin wn.-

ulOt pad so,,!.,d in ncornid ei.L $is sirin wan viboi~ with clactrodo
i,,VIV yjtjT' +-n ,+~nVm~a r4 - - -J.... - -..
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FIG. 1 CONSTANT-CURRENT SOURCE FOR G.9,R
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11se it unx1 t~hought a~n iunecaveaary rof .1numort t~o mnke this~ correcion, since
oair roadtngo woro to be repreosented by two-place Iiumexrn in any cavo. Soo
tx)low.)

Onc.:o S Iir boon inriortoii ltt ilic Oiroit nid +h J10~hn1 hasa

ii the Indicator ronenhon C ithor nild oP thm' nti.ao tbou iuohnniamn W.11 t!.hvow it
back on actilo i'rnin hy nddtift, or nvibtrnctLn P. constaint voltapo valuo.
Thoro'ipon liwi iridox on the i~nnot vr]11 ohow a now rimmhort indicatIng . n w

ij ~ kv~ . x'irljnce, On jvranhio rocord btiken from thn innsirumont
quha quick juvir in lovol 4,1 onnil a aro nh 6 Veiw

nhntryn, (:ino roc-ord- in 1 s+.nr' 1o'Y 1~-'~iurlo n 1 3,U n

Icnovui11 Lhns lw vol lit Win ho~nvn of a rim ho oan anoortalm it at nny
-)H nt In~ i]'1' 4', U'~Ib ~o hu nppr.opri~ato nivimhor or rco-ooto~ in
vrh r); rotl Oni.

Ai in bo g~ , i of' q~ H- i-t~t tho *, ,erljiiotar Mmrt nalect tho ampJi9or
~ i "" ~ty~'Y iov~'ns arnvnpri.te to t~io nivo oPt thn ro,,inonees 8 will

[ ivo. hto rnnn, o' courno. chann'7o thla z durinr, tho cniurva cA' it aiting though
hn wi A I i~jaU,1y rw.-t notid En 14 n !s, tf * o1*lvwrvor, Lb-oi Stoj boa rosistanco I

in~(',, '-n Vi npran vinnnu.-a hirh aonnm:lv11y thero to danpor
1''l 1r tv, acro~n, q a),y no t )o great for U io avalbe A o~ro

-voltIrc, l.'o n( iilpaidh Tn th~.i, nam~ the rotary avyitoh that insortv the
hiieCw-) v~i t-r14- rin !.n It. rrx ~nimu'n posiltion vinr', fnil-InG to br.nfr, tho

nr, 4krl~ 11-Mpsa un Lirn4ng, t1hroui-h zeo, and arotind again and
-. g Th... c"rc't-cA rxti thonr rucluco tr snsilltivtty., It Is ortunatu

U-1-,I. wIhi 10,,.i ros;trstanen wi.3. give l.arreo geoere t) Jin terms of ohms,
c0 'I~bai a lowtii ,envM',rtity is appronriato nn bcoth 1nt.6I bho

Vnu n. l~r( t nood *-dJustrnont viile v r,,ra!,io record is being made,
tho, ,rnrMor noends to n-, no attontion to tbu ,Instn'irmont.

Thie lnflimo~urcnt should have %ts calibration chooked frequontly. ThecreI 'I
ir rc'o it1-c-m Lini. n.ood tf, 10- Chocked in tbis calihx'ation.

i(1) 7,, idt'ain j7 iiofor en ovicd be Made to road zoro when thoe ,- is
7.no Vnutf r. v1 ze'ro shoiwriw! on th,, Iidax_ AL kni-b 4,.: p-'ded on tho Umli-

in' nr fln t1 setting. Altornatively the adjust~vorlt car. ho 'lade so
im.. .. Z~O,~ OIG- Iuhiore is no input and the -indox

show'- 1I mr 2.* In this caso I or 2 is subtracted from aJ. inda~x readlings
t akon (ri r' nofrfti-ot.

(2) h O Icction ol the indicati~ng imotnr for a givon change of inputb
stneshot']rl 1-o. ascortviinod. To accomplish this one turns the double

throw sw~tch to in.aort the !Iummiv 5,. and increascs or di-aroaes tho resistance

t~ .74 "M a

L',±* ~ ~ ~ ~ ~ ~ ~ ~~~C us _ i" 5~tori~lc'tyrni ih the nrnmpliPior set t '
+'mr~4t 4.;- Tft. .~iivi-y as s than full during a sitting the

ch P, ir' ,,ran '4x r.;wai icited by applyiner tlve sonsiti-4tty constant to thi, values
nbtain' 1 bhy Vie c'alibrati on. (Sensitivition avail able range from 1-10 in

(3) Thr' -u ,ft , re-scot !7tep ihould be determined. Th"in ~ ad~uctablro
__--it -ti on1 .. Vtj nOf. -wI xv 4". urdirnarily be set to produce

W. Vc'r I-1I-mr n Vin, ircV.catine- rmetoers To find W 1%i;

.5. w' ~~u~jU3 th- innvut onour~h to make a re-set occur. The amount
Of c'Iniv, can lh' rcnid nn~ tii',. 11ri otiit rioter or on the rraphic record and

V-i i~i..'1tr th~J i'-rf Vic rr'o)ns,- UL.re ibtaiuuj inl i$tp 2; eu1.

4- U



CQuntitatl-o- ra-Maingri are seourcid frota griophic. rocord& ao ulow
thorof ore:

MSI*. To tind the ban Invnl mf' roviatanoo +1nl i('ws'44i V 14^n44^
of on01 .+:LirnuUjo)' Oo f ndn tho itndnx which w;t rjhowin t the tiie
stortinq with valuo notod at the boginniIg or: tho run and a~dd-Ing tho
algabraio auti of' tho iro'.nto that huavo oacurrod up to the point In questlon.
This ninmber in n iln1e1 by Vi valmtit nf ri&'-aut (Stup 3 in calibration).
1-1Th10 r0us'11t AM MUltliA7ot by tho rooiproaal of tho fjonaltivity. (If greatest
motnesa in raquired the ronistanco intiloated by tho doviation of the line

It. vil voro may be subvraotod Vrom tAho rooulto)
2. To obtaizn tlie vao V cit [1,iro t.ho maximui dloauoniont duo to thoI rnflox in rnniurod. If tha roflox hnn cniurnc thn liti to ronoh its limit,3 ~ ~ ~ ~ ~ ~~# an aun h r..o.t poratoA tho vmluo of the ro- ot (in distallo) in

adeled to thm inoacurenmnt of tho rofloe, The value in thon convortod to ohma3 bv maims of thn erhnJAnb'~~n (SItop 2), The raesult ini then rnttPhine bY U~
rociprocal of bh1o sanitivity acttings

Thn abmvo nrocdure for me 0Asrini the r.srir proviuoo (I lin !rr soale.
Tl I~iIWO malrit. f t motiroutenta) as oxplf$.tiod olsawhere the soalo wau
non-lirnoar. Jn thl~.c ao the proocdure ine tho same oxcapt that the ohms
'Andicatod tly cijoh posiion of the line muset be obtained froi- he calibration
ouzre and tho stz of tho rnfley. found by subtracting two roh voluoa (and
adding, tane ri--,t vnliin in nhnis, uhare t-here izr one) rabher than by measur-
in~g linoar rdian1.aaeuienta.

2, The Transformation of 0.8,R. Measures

le tbc b,-so lovo:l in ohms before a sti'miluu, 2. the ohms docroase which
.contitots -,he refle~x. There are two com~on obsorvationv which suggest
that theso n~eavitrens neied thl W"4n* A1~~n~n~

handlel Ivy stt"ia eur Hgr 7) disecusaos thei oint. * F irst
the Oiistribution of -the refloxec, oxnrossed as ohms chenige Is comionly skewred

ovor tho ranio usually encountered the reflex is strongly correlated with
the base leval. (At hiF.,hor base lovels, such as appoar when S is asloen. or
near'll- so, thrc rela-tion doas not hold (.)o' For somea purposos, as when one

iint-rorter intheo total effect n;' the ntimuiths upon the 1,ndivAuol, one
rtt un two CI~a __..1 F~~ ~1 i waoure of the response nevertibles-90

Blut wherv, tie ourloose is to corinna E-m 4-'~ ~ a. w,

Ninclvlui VtI _)fn+ nP _r _

IVariou.- pr oo-al h~ave been umda for transoftrm~ling data, to r, v thesoc
undc;,a~ foaturnn (2 ) (?1 IM 9)_ Tfl me.=+ --P th1%r. th JIt^ -,!.

in t a transformation 'has been by 1.riru a rror; A set of data i~s
blI.,ecteci to one transi'ormitiori after another until on-e appears to got rid

of tho iind-sirablo characteristics., Snch a procoduro does not give much
:t - =.. i-oerity: uihit vorks moanurablv 1wmn)l for oria sot of dntan
miay not do at all for anot.hcor, j. Larceyl s leto 'Iin+1^1Ar"Ar%14V~t MO 11

Vn te rcgrce!i-~n of rceflr'(xo n lupon itit i ii r-nitimnn ms t o n nen
, wthod for ceV-ninatiw th P f I ross-tanci 1overcl but does havo, the
dIrmtban~ -I. rf intc:rfc;ririg 'pth thL nnndni of tho. rce.ultlng Me asu re s
'-rDarcv-!?s int'o !;-,: r. ,-f1-r : ':r

r_ tf --'t crto,' ty tho -'0 ands. But idhc:thrr this
ia rmod crit'ylu e *.' -'rs~ri -xcltation is unertilin,



Ln tho prosont nt#nto of knowledge i t Sourn nocossary to liscovor at
Wti," factor!r transf'ormation~ for cinch sat of datai onie has to ioal vith. In
ouir print-ti o.1clxnriteant using, Ll..' na % 5") 3S ww.; o tudlod.4 Eo' n.

scrias of ei rtht quostions doalii, iuft1 ttxking mnoy nf vo1rinva conoiinati'vrn,
Olor fll1 dctnits of tho iwrnr'htn non mitioqu nt rvevion of tho rrmilrt- )
CwI.vani sk~in ronnnn fll? il ow rmcirovd by uthflr, two cOmuu1s, Qou ahOmtulg thi
11CIM IF301 on 11he11 rig~ht palms thv, vtIhor nn tho laft,. All rouponsou and barm
lovo1s wojrr '1 craur'-d '-d onvortri(I into. r rtiatsno vnlixes nn duor~bod.

Mjnrnrlntin Ih tif rie ind1 bavm o Tvoi tjoOlms La bo tho cXl.cet -l'
rvaUnr imnportrirv firvd. ttuntion was rlivon to It. Thvowing togot~aor nall
rasn~'oso fo W~.1 111v two aoattor dArgran~ worn plattot'd, ono for each go.r.
WLU.-.'r t. IM~ MOuI.' no' o~xubocI rromi roiortaoe rosultu (% us'otif aovitlve

rol 1on '~imsL 'PWmt o Wuormlino *Isho nlatiroJ of tho rogronsioii tho moan
and stnnd.-rd di ' -Umi n rof t~' npirwo in ennh vomm i~ -ii mvtr t "nn

V()sporlv' f'or n~1it L ntoeval or' bniou rnitvtimaoo ThimL ai'o ahomr grnphi-
on1,ly in F'ir P. TJ'r~o counoluulonti i'ru ovidointi

1. Thcv tindvrd dovi atien nOw monnn of thm ontororios tiro noarly aqual.
2.111 Fi,hd vinnsr' int tnnditrc duNvtinn are linomr funationn ofV tho bano

3. Thu rcgrtuicn linno ouu.. vury near p anning thr'-uigb tho or-' mn4

Thl,'et Cfirt tflrovi( ri oiemr indriottion for a roaonso mcasura which
All1 'itdoYulolnt, of baou lfcm-al. nation of rxonponton siza to base loval
il. I be frov of' corrolation with baso lavol In both mman mmnd standard

dovintion. The e'tins thorol'oro Porm tho baela of furthar f-roatmont of our
oxnorimT-ntn rov~<tsz

applicab1)Le on th'a basis of this one sot of results. If tho results cIL a
leargi nuiibw- of coorimonts should r'how the snnic proportios. ono wou-ld induco
tho rfenovrli-7ntion, or it. Aig"t IX 'cow"o-bl. to- Shov thAt a gea.r. produced
by the smoi amount of neural excitation is nocecooarily p~roportional. to the

,--nj ro. nae by resn tho Dhysical-chomical mochaniom, Certain
ovidc .& nCtissrtaessi a~ Va L- .1"T "Uj Tho apparent resista'nce

-- 1S~. *~S*~A 5.4 AV rL~au ViY& i-v. Ii~e~ W ±I x O u tz JLUU U V LIIZ:1 UUk.LLLL
iz.ing curront. Tf the Dolarizing curront is incronzod the coulntcr a),mf.
inerir-u-s thoupI 1+ R +tan nrmtorticnally.r, D5 5., -- ~ so, th a' r c* th

forc, decroasCS.) Bysuch rmeans the polariz Uat'in Of thoU +tI si ncrcaeaA
artlfLC LA LLy. Juen twu is dono che 5iZO of Vt!G g.s.r. to a~ stndard ttliu-
lugs, in torms of appant~ resistance change., is also loss. shoi~ng approximate

riepond on tho amount ofL nolarizationa it might~ rca-nny h-' tha
l-,hoc"littio'r, would hold in naturz-Aly occurrint. gtsIA-os Mf' lrjain k

.~VO~ 11, - - f - " 1, -- '. I L -n part
nnwv unnn I-Am monn Thtic1 of nn+tncnr1r~nt. tvtenin t.he~~nhA

T ritay b'tat the offl'uct of' mn increoint in Qxci trtory iischarge upon the
owoat r~landr, is twonor1'iorai to thtuqn~unt of' irthor donolarization which
is. nossibl(', nfunction wilch Ina- 1 'uon anwrgetcd Afor other nsychophysica.

~3~" ~..'u1~ ca~.n 0. S.I.G.I.riZU ~ nr~jlovi(J( -) rationalo for

Putting mown-oo inte r±t form, doo- rot guarantne
nor ir 11ty f t, ir rneml-tin dittrI'iiU'. Thu sort, of d'itribution found in

r-. r -i ~ r on n. ( P. I T. t IA1~~ + 4 nrr~n~n
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n.-~ ix, v,, -t th, heavy accumn,nn~ of mnrov at flic ;owor* ond der~ivos
.rc,:i t)'u £rirt thnl. ze-ro i, an lr.r1u~ owor ihit rf tie rnor101tri. A

I.rc 1atlvcly twuaIe nIA4"ni1-at 'iol.d f-ii.) tn b'rim, x tood numbor of' r'fof3onoive

tho WIfh~d TI' this~ i.nievrwt0-.ntjnn iDi coroa t (and it could bo eca~. kmd

I~~ skil a w~vI fit 1'tih u' onl ih av mu datan show~ 0, iy htj arvirnblo to

sh n~ It mi morl n 11roii'v. ri ranim,% aporoximat-3,on to n virtmnl-. l.' "J--



I a!)..rrwC.* W,* Thu rt.htv1.e rikifl V' K). x (--,4or't.nIv) and hond pnn,,un
iwDrolvirtitory tinei£tc fna. -1 ktivc -1111i - ~v~h 1 1hl -A

2i T-rrrow, 1. tPi ~idii ol' i'-v ivnillo rMln rnflir~ viirij InTh-
diyfnnhl~r cif rbaMd ~OI n rol4'vUot1 to Js =,o
sviio1,t 1Q37, 16 "81-4307,

3. Dait'i, R, 0 * 10nobol'n th-Cjo gilv'snio rINIov. Arno. PoohoL.
S1910 6400

~ Dm3 ~R. 0. ind Prirtar, J. M'. A muaturingt duviou f'or tho galvanio

' Q. qiLmIntor, M. llandbuoh dor porma1ou uncd aaiologinchon P~yiologios

A, PM;, , hysical, Cvomintry of' 0olla rind Tinguope 2$L16, l31lciston Co.,

7. Haijrard, FErnost t.* On tho applicatio~i of' analysis of varianca to QSR
chitri 11. Sorno oIffooto of' tho vMoo of' inappropriato e aauros. J.
aoxn. Psiycho1, m 19492 39, P051-867.

L5 ncoyp J. I., iBatoman, D. E. anid Vhan Lohn, R. Autonomic reapono
,poctf'otty and Rorschach color rooonso. The S-9io S. Fol-

Rosuurch institute, Yellhw Sings Ohioe,

9. Luicay, 0. L. and Singol; P. S. An Pnnlyslio of' the unit ot monsuramont
of the galvanic skin rosponso, Jz 'Xm- Pyh le 1tei 9^f 122127

C~0 Uihtr) C. P. hysiological tactors involved in the elootrical
rosistanoc of the skin. Ami jourrie P1j'R4, 1929, 883 d96.
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AMPLIPMS 1-TT111 AUTOMAPTIC Rr!,-STET AND C3OTERTIR A'4PLrPIMIaS

M~mv of' thn autonomnionlly oontrolod vrornnas Which r'snpond to
~iiki ImI t Allioi 7'ro x'&ilaiveiy olow aharwdru. Tho galvnnin nici~n rinnnn'nn ij
fairly tLynlcuil. A large roiaponva will tako novorad aoconda to roach its
miaximum. and porhnpo focur or V'ivo timion no lonr, to roco again* With

~heno~enaei' 4 -s "t aImplifteort, of the uniial tr'y, oo n~n rnaitaes
are imprtictial hanuno tho roctano would need +-o be of auch onormolia
size. F'or ampllfvinp nuoh ohangan one muet resort to direct couplod anipli-
tiers or to convnrtingr circu110 In 101101 VIP B.LQW wave is liado to moakxlr%1 n
a carrior. Theopitom used in tho pronont etudien wan a combination of

WA S0.& 4. V~~d eunirlifltt. woe~ unud i n thti ahinf mnni3 of tnnroaoing
tho slow nirnnls. In each oase then a convertor nmnlitor furthor magnified
tho qi innl bofori it wac dolivorod to a powor amlifior in theo rocording

Tn drer'i, coulA or' oonvortcir iunlfiation an inaronno or docreaseL
.1 ;h dirt~ civ, ontnk cormonent of the inDUt Is :li~ly to I'orao *bh6 indicator
of rnnn nrinrrily a manual adjuatmont ia required to bring it baok to a

u'nnf'il rrmnro. Tr.airo is ofton lotis of it critial. 4oint in tho record while
*1-i4 C11-nr',o is bc~ng -mado. Furthor, with multiplo aharrial rucording no
onerntor could monltnr n11. channels a1:. onee For this roason a sot of d.c.
rimpl ificre wi!(0 include automatic monitoring dovicon wat; constructed,
-Tho)'o will mitomatically shift tho rn--->,d1.nr rAngo --not the sensitivity -
whonovir th,. sikna1 passes the limit of tho one on which it io operating,

%144~ % ,%A U 'I1Mj VI. %
1

&VQU .1.0 01II .1i A .. 2 .1.g

Th Vnich is3 intrnduced into a d.c. ranplifior nya be econeideAredJsmd po w cmoettaso wave and -% d.c. potential which does
no chanvo during the wave. It is commonly trua that the d.c. component is
groatetr thrut the wrve. While one Tray wish to know the value of this dl-c,
nomnnnont thoro is usually no nood to oaplify it". 2L LLt I. j ri WJU
ru.4fzuiat 'LO It1ho WAVC_ Alt W-EIOU.. '11 W4TlJ.LL.LUi tnwcU1J.Vuu j UUIIU L,2 i& 'rvuq

it is danirable therefore to got rid of this d~c, component. Sinca a
condenser cannot be used for .-o purpose (its nroportions would have to be

^,ta lp- 'Ua --o-4. o-' - --u "~eit &'JI
3..LWS a =1n otg ii.tt 1O tC" vx ewihi u

vol+t.nR- is Tnrovidod by the sorioS of' 150 ohm resistors chow~n in the diagrai,
-t~.* a --.un. v monxxon on a inot W-Wi-0-p) ro-tt c+1- -y --WLU.'ia orU ULU ULI

e, +4n C-rn in en~+.aA fn +Aun hiroh vn .r1t.cg!o .qinnlv throuzh a pair of
dropninR~ ro.Listors so that th-3 tots.! voltage cavaiiable acros thema is J th-G
noijrhborhood of' P volt. foponding on tho noosition of the uniping contact a
certain fraction of this binas tho cathode of firbt amplifier tube (125M7).

- .v alln'b S....y auoo -un ruox faw%%tA 0 t1v 4 man **s'.,.ta a-- 4,-. U11% - I. L

a given moment in shown by an index vwhich is attached to the' shaft of' the
rotary switch.* Numbormi on this index show tiiroun.rh a hole in the nn% of'

As showr, in thu dcram t-he innut slLhntl is im~ressad between th-
ground and tho grid of . tho first amlifiar (somotimes through resistors o."
the sensitivity control)& The connoction must be made so that the nogativo
04A,i -4' +1e - A ,- 4inv+ wr~ 4fz m un aren',iA inrmnrff Thnn th,, lbmrtl
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A ~ ~and bucidng voltago arn in opposito dirootions in tho gvid-cathodo irce
Of' the 12SH7, and the net rgrid-.cathode voltago La the diriorent_ ntr the vwo,
p2.us whlatever is provided by the two 3K reeintura ohown in the Cthode lead.
When thero is3 no inout and no btioking voltano one ofi these (known as t0he
Hzero setH IJ to adjusted so that tho 128i1W han Its oroper operating bias (with
grid negative to qthodo.) When a signal i introdued the buoikitw voltne
will bez adjusted (by T'he 61avio-o donrbod below) until the tudbe hans that
amount of bins, or somethine, near onoug~h to~ it to bo in its propmr operating
range. Tf a wavo, t~oisitiva or nogativo, anpoarn in tho si~nal tho tu~be willI ~~ transmit thin. ToulA tho wavo oxceed the eorating rango the ro.-not

.~~ I moohnrvlsm will bn nativatocI to 1.ntroduoo morn or lao Wacking voltage,
I J Tn nr'nn rif' einOIC rgon4M^r~nti rr thAi inplt amnn'e&14A~J-

srolootor. 'Phoon nr'o mounttud on a rotary MwA,.oh which Is manually operated.
The su of' thri In rnnilntnrn In no large that no tipprooiabla ourrunt is drawn
by. tlhe device. Acoording to the rnsition of the iwiith a cortain nwumbor of'
tboathe ofl tho wholo nignal in nut into the amplifier. 0Of courso the values
of' the wholo can bI obaiedby propriato multipliation.

Tho ampliil'or hats two sooond staguo, each composeod of a 6MN7. The
first of the no sorvi-) to timplify thu signal to provide tho output of the
systom. Tho 8ooond amphifto the nirqnnl to provido tbe foodhaok roquired

for the automatic re-set of tho bucking, voltage,

In thn 1C4rat of' tvioso stagos the two 11nlvaos of tho 68W? aro connoctod
in quaai-.rush-pull fachion. If only one half wore usad it would ba difftI-
atult to arrange for it to oporate on a linoar part of its charactoristic.V Tho othor half therofore is uaod to oppose the one and improve -V'ho linearity.
Tho output motor (0-11A) and the external. output connootiona are locatod
betwoon the) two platou of this 6SN7. Only onu of the grida, howGvor, is

cnateOd -toA- thO cigm a).,-thc othor being grounded.

In th - other 6SN7 the output of onch half in used to operate a rolay
whic.h in turn causcis -the re..sot motor to run forward in the ono case and

Cllf'v., " 1 - -; 1- 4
h~rradin Tno h ff -ae vi-lf, fro th _H s ie obohh

of this tubo. AThon tho instriimont is originallv act uD tho cathode bias
oMrse 'in half is adjusted qo that the tuba conducts ana- throws its relay

the relay is connected to broalt a circuit this moans that tho fnotr --. i
r.AnY i. the arppropriacz dirgation, untfl there in an output reading~ orn tha
motor, then it will drop out. Thn other half of' the 6SN? bas a higher
ctithod biars Pand will not cond-uct enough tomv t'ryU"t the o0t11
mntor roada Pull scale -- lM. It then throws the Obiah" rainy which has A

mmlkoe com13:1oTLon arid Qcasav the motor to xt1:: in th-_ other direction.

*..h mn.n +Aiw% 4-% % 1AN0. ly'd.A rajm.** t1.~pf n

Vh-:1 .n-iwt gr.et Is mhanism acsas stoap--wie KS~ux ~~f.

Two specially trpublonomc, if'fcts wore encountured when those doviceos
wora first tried., With cortain 12SF17 tubes,, thaere, P.n tondency for tho
g~rid to draw curront even whon it waa negative, and vhon thero is grid
mir~+ th.4 inlfl nr iwr~n-na 4:; F. t"
proper adjuetmonti of tho abroun voltarpt A variabu. resistor fEor this

pu-z "A. ,*.



'The rotry switch used in tha rrn-nnt. Movhanum Tmuvt bc', o-f t~"hr~
type: it must have its wipor in oontaot, with some terminal at all tines,
for otherwico the oytatemh will ocillato. Poor quality 9witchaa originally
gave a good deal or trouble by frequontly loaving an opori contact.,

WCna a.c. pliflor was: attaohad dirootly to IS for g~~r rocordtng
a igh gain umliftr 4'nir 1RKf or DOI4 reeerding waz unuao attactaiid) it war

necessary to uso nower ouppliad by battoriam rathor than tho rectified pover
supnly shown 1:n the dingrams~ Othorwiao tho high nain amnlificorn waOM~ piol
upr tno rwoih 6-1 oyolo htxm,

F~or expc'rlmunb in wh'Irinly ^mft Poeo~no
of g.~or,) the output of ono of~ thaso deO. ampliflan won putt into an
tstorlinu -Anfps 1ooor1in millini1motor, O-IMA oonnitivityo * or oeft~'me nts
'rnq~r-Inr in'iltiple rocording furthur timpliftoation wao noodod to dr'ive tho
~nwr nmnlif-lars which movod tho atyrt±# It was aoo desir ble th t the
sirtnal shhqld havn a groundA connoo+#Ii)~ whiah it dood not an ib comes oft
oP thr ttc' inpli±tero. For thooe purpocon oonvortar oamplific±'o wore intro-
clucod iCoclowing thv direct coupled aplitlcit Tho oirottit fo*' those is
ahown in Fig. 2. The nignnIi is convarted to a modulated 60 cycle wave by
mnns of a vibrator* (without a Brourid connection)* After two sbagoti of
amplification thn signnil in rootifiod ard put into puuh-pull form with a
contur ground. This arrcrngomant .4,4vori tho typo of input desired for tho
jInwe#( un)Uf3.erS. Tt providon maru gain than nocesaary, and the gancontrol
in the~re fore sot at a rat'her low valuo,,

Cird inainv vIbrator 9 adaptod t~o tho'" ( ircliu t mtu4wn wrcfur to po
of adjutrqcert vory cLiiiy. A "Rro~m"l convortcor Yrovod ~si oy
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F1or multiple rocording tha final units were the styli manufactured by
1BlectroMc11.ca2 Laboratorinat Two panelsi oaeih containint; .ix sty'li were
mounted in horizontal nonition on mouvable 11oartt', In the oarts were the

~~m~~14 other cicut suppying h rIidtylU, T6 onr, d ~
each cart ani Etorlino-n~u chart drive was attached anid couplead to the
paper drive monhaninm munpliori with the 1latro-Modloal vianelso The
adj otablo ttoar rat.iotj of thooo ellowarl for vatrying tho upood of the paper
-'rie Vy muti of ouloyrc and zt spring belt tho chart drive alo ran a
a ko tip spindlo for the parr

* 'niy 1~'1tbon Tddon pnnor (10 In# wi.do in our oasio) by

nassing a cimnl. i'rront from thf) ttp of' each through tho paper to the metal
r-O!jCr Majapifl-1 This r-u1rr~nt producois a ohamical Ohrngo ir. the rtiili.g U'f
thn parnuir. Vnltc,,o to surrnly thome writing airouiti was taker~ Xrom tho
supply mf thn nowor ,n'iftorrs, through~ a dropp!,ng rociotor ao as to give
about 150O v. o n thoe atyli.

Tho movuirlllt :,f the st~yli, In nroduaod by ti aootromagnetic; field and
a pair of moviniv voilti for onoh in push-pull arrcingemonts A pair of coil
airi1nrm provrldos tho rortoring foraos 11io field magnota were supplied
first with 1.hr mnruf~oturorto rated current by mana of transformero and

,4Anlm rocd.fors, Then in ix rnthor fri.iitIno nttompt to iniprovo the
J. iinonrfy of Uir. ei&lontiono of the atyli, tho field strength was doubled

on onlo not of inits.

Tho moving coils of tho instrument aro damigned -on oporatoe in the
plate circuitn of pairs of 6L6' v orking in nutin-PUlle Hugg I snows zho
circuit usad for this driving stage and tho power miploly for its It Ise a
nimple diroat counlod pusn-pull, stave. '.lhon ono of those chan-nels wi-.e -,.-dii to record thir output of a d.c.-qonvoxfte-r amplifier uoquonoo tho input signal
waz unidlroctional, I, was thorafore advantageous to havo tho styli assumeo
a zero position which was actually their maximum usoful defloction in one
direction. This war. POcompli shad by uning -. difforantial bins on tho two
6L' a in a (tvon circuit. Then as the input signal increa-sed from zero, it
would progroszvivoly overcomo thnia differential bias and plush the styluis
through itis canter oosition, then produce an opposite bias and force the
stylus to its inaxirnam in the other direction.

lftn n stylus was used to record from an a~c. amplifier which would
I produce tiiils in both difrections, equal bias was used on the 6L61s and

th .----- o Pl- .. e s-bao in~ 44-F-Ir o;-L S l wa in Athi-. o;.nluarI

An ,,.dd'Ltion al circuit was raquirad ahead of' tho 6L6to for thoso channols
uaod for ro~coruirip intnsgratod wqvon ME~.. 2). In the .flxoV plile tho Outnnt

t of thu intu.grators after Tnhosor invar~ion is one-sided; it presonts an output
withn onu r~itrk groundad. "LIM s+,yli, and uonauquuim.I"y thnu p-owur amplifiers)
arc built for nucb-.pull ontiratton with a ground connoction in the cantor off
tho invut. Honoc anothnr p)haso invartar, tho 6SN7 circuits in Fig. 2,

04on a ", " t!Mo tho othar. This cowo-.dMn* is
thn ^Ale through thoe 4~u condesr to the newe gc

T
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Whon tho intagr'atod wnvu, boing triangulnxr, ts passed thvoniih cnndn.,1rt
Uhu~rm is considerale "hbact-swing" bocaurse the oondensers 'take -Jome time to
roturn t,) thoir normal equilibrium. Thin~ has the oltfct of' producing SiwingrTs
in both directions from the base lino', 8ince bi..direotiona. swings would
mnke records mo)re di~fficiilt to meanure' tho 6116 tub~e is Iuiorted into Lhe

WWUs "ad rooilfl .WI.L.L have no U±ffQtJ
nn the outpiot ,f tho tnro oodinor aonranrwn no Tnnc nn it Js in the desirede-
direction. Whon th' diruotion in rovornod, ho-wovo? 5 thos tibe bocomos
conductive' and M~low tho oondannarni to dimoharpe ve'ry quickly. Thus a
nzn Is iiaint.j.bd wilul to al1waya in tho atima direction from rcn±r

a nartuolar nart of tho oircuit.

111ho olotri cal circuito inipnlyinV the at~ialJ voltagoo to itho mnoving
coil s of the' styli orovod to respond linaarly with roapoot to inpot fliz

~vtri..~ ~k .Mat ,'i11Ig or Uiu uoilu * Althotigh theo manutnntumror raports
thait tho styli nre capnblo mf about n *1 dotloo'on ovorai~l, It wau round
that their ranni' of litonrity is mixoh lanaL than thavb. In fact it is about
3/8 OI' ,An Inch for d.o. nipan. This limitotion ic ovidoni 17, ir, thu
sprinigs wich rciturn tho stylusi to pouition, and nagainut w~hich tho nignal
must work,* As ono oprinz in atretohad during a doflootion tho other

rt'ns.Tbo viill exarted by thco two Is. equal *In tho middle position, but
nn theo nt-yvhii I: def~clotcd tho~ vall of tho tehortoriod one boonmas Th-ln and
lins and thait of Ust onnnonrt tzrrrtor and grroato:v. Consequontly mor' nnd
moro f'orrxo is. rctqui,,d to dutlritt tho stylus a givon diotance,

t, Dart a) solution to the oroblem, was secured by doubling the' length
of ho i'iinr lver. Tu lnpr lovers waro constzructod of light aluminum

shuot tanorod (reom 3/161, to 1/8ii to koop btio mass and momentum an low as
Tpozil tbl A stool phonograpt needleo was fittod into tho tip to servo as a
marking noint. (The nood)le in changejd fracquently bocauBG of wear,) With
th Is i~rr~ingeiOnt thcro is a linear daflection of tho stylus of 3/N" (3/0"1 in
oach dliroction from contor) * Though ther-0 was no quostion. but that th'oso
longor styl. %qwald tucord nuch slow changos as breathing) g.agral otc., it
wan necossary to tost thoir response to such sitnals as those fCrom t01- attioh

potntni.~no~atl-orso 711ey pro-vud aon thoro,. however, to follow the signd.
about as wolu. as tho shortor lovers. So long as derleetions were kcopt~ small,
thorol'oro, they eewild bo treated as linear. This limitation made for lconsid-
erablo waste of spaca which could have boon usod f'or greator accuracy or

corivnio .i reading, but, rueording was ,oossiblc. inadvortontly oxceeding
the limit of linoarity certainly causaed the mnost serious orrn in tho data
coiluctod. In the case of g.s.r. records the limit was intentionally
ioxcnondd r'nd thu lata interpreted byr moana of a nors-linoar calibration curve.

In nrrJj not to pia~oaeuy o-iw ol ibho roguilar recording channels for time
zind11 :1,na ndaoS social tvoo i f lr'nr wnn ivqnt in itheinn avrnri

merits f or theo nurposo~q. Thi n wsn~ s 'hort l"~w~hw~A kam~
upward movement in response to ono rolay magnet, a larger movement In

r~~~one-r tu~~hr~aIn r, aponscj to anothae Two of
thoSe cd-ricctions wero used as stimulus signals and the othor as a tire
si anal. To nrorluco time marks a small synchronous motor drove a cam w~hich
would mfnaku ta-0 broopk a cireuit oach s-cond or half' second as dosired;

prochi , n ipanal by a hriof JintArutio of thsfo.T o~c isue
to sirnail the bigilnning or tho anplicnt: on of prossuro to the blood prosnure

curIy tli,. morcury pump. At thQ beginning? of aich cvcilo there was a brief

was rrodPicod 1by h,-7in g tho pun~ cam break -tho contact of a micro-switch.



CHAPTER XVll

PROOfJ!D1RE FOR MAJOR rOXPIMIMMTS

Tho .rnoudlnp, nhaptorn of NAw 11 httvL Inaludod a disrouss-ion of thez
phykli ological and YA,&lonmpj1AI 'hiio~qground whioh htao influonood the prolim-
4.nary choco of varlttblva to bo axnmiinoc im~ thin raonoroh) and alo dosoribes
tho apparatus nnd toohniquo or' rnoau%.utiunt unod to racord thono variablos.

r~uth.r selootion of' varinhboian irn ud on prullinary u.-3urirgnali 1301Wu ol
which airo dosrilind in Pairt To Tlin prosont ohtaptol' and rn.uoooditt ones areI~- 1-1 +rtl tnv pnrinntn in whiah thOo rubinota oouvdllitt~r1 a
labnratory ortinm, followlnr~ %Aiich thoy woro quootionaa, abd a numbor of

I ~aspootto of thnso rannonann~ worn anali~yzed tingly findp by moana of a proooduro
Mitch we haivo callod pattnrn unnlyciao, In aoinb.niatong Ilie results of' tho
firrst of' thana oxporinonta,. tho prooodiiro for which wil. bo Incioatod.
subneqiontly asl Prooedtvrn 6, waro aloo examined by moans of pattorn analyeia

S to dutormino woightingo of oaoh variable for tho protdliotion of docoption,
The rsooond o morimont ta ootnontlallly a ropetitbion 01f tho first using a now
fgroun of subjocts in ordtir to validlato the obtainod woirhta, Ilia questionsa
.1""I4 -. Uh, t'r eparimont wo roponPtc1 thrac timon in ordor to inaroaco
roll ab~ . ty-

REighty-niin% sujor woro run in tho first oxoritionto Of t-Mo ,11
eubjocts wero discarclod betore data were ariaiyvzd, 1Those subjoots Vlore
oltminatnda becanse ,,ith a fixed order of questions tho critical questions
concorninir tho "crimal" thoy nonmittod oomo firnt andi saoond in tho norioe.
B~ecause of tho adaptation of many responses Which was found to ooour (in
-roliminary Qxporimonts) it sooms desirArble to roduco variabiliy by

ol~m~nttng sbjoctr, who liedl or, thse f-.1'et twim qaeatalovia Th o~~lyi
of single vanriables wara basad on tho romaining 5 subjects. The pattern
mnalycis was basod on the 4d4 of these 58 subjects for whom acooptablo data
ftQ %PMtUM~J.91%0% W.&A %A... V 1A &LIJ. 4 0.%J q

in the second oc'xporimont 29 subjoctv wore runs 113ovon were disoardod
b*~eius th~"zrime tho'y coimitted was m-iont4onod in the first two or-tiCal

cluestims. An additional thi su'ojaots wao onittnd from tho pa*?,orn
analysis bocausG of incompleto records. The proceduro for thia second

e i~nvt ir. 4 o Uni- f%+n- nsnl 1 eA D nwii, 7-
-:0" . ' %0kd WJ *r.. , V* -% %b s. * a _-a

Proedure 60

bauU- .w"&U IM-MA JLLCaU W& i~ L4dI.~us to. part, In4 a- -Ii dot -

oxporimm~t, Hoe was alh-own four sets of coinus: tan n~klf~v v i.'n twor
quarters, and a fifty cent piece* A cover wras placed ovor the coins and the
rh1nt wis Instructed as follows,.

Aff 41,r T leave I'he roucgit I wcuint- you to take onc olf Uhe acsti of
coinsl a~nd put it in your pocket (or purse); then replace thonovnr ovor the rcrnai ing coins, 1Whon ir~ urii d U W."tl i

wbich coins you have taken. Lator on 1 sh~all try to find out
hy :15k %.g yoi qxiestionS about thu cofln2 , ICL I am not sueuss;Zl
you may kee~p the coinls you have takon'.

Pr,-dui'os 1.5 were successive mdfcations or proceaures a'o%.naoznea x or
vAriouis reasons4 beAott the final froedures 6 and 7 worn s tabilize'd,



ThOox prinrtor loft the room ,md returnedi aftor waiting lonp, vn ugzh
for tho sub~ect to removo and dispose of tho 0oins. The rnbjoct was then
uented at a tnble and the apparatus !ia connnotod. for Ynoasuring tha fol.ov.rng
renpunsost the right and loft hanid jWa2.~r rq, s r., the pressure rnu)!;Q from
V.t., ri,"rt r.. Ual artery, via t.he ol 11h0pulau Prom the loft forefVinger.

M1__ -ubjeo- was then 1informad that uoon ho would ba aakad to randl
but that beforc ho did any roadinfg, ho wan to sit cjuiotl and relax. 110 was
told that lie would bo notified uhan to begin 'roadingo Tho roadina matter
was a~ page fromn n tOCtbQok in child paycholot~y# Tho book waa hold in posi-
bir at 1y l.vel RT ,UJ(VI.y a olarn= and atand which were locataci on the tablao in
front of tho aubjnct. When tho subjoot indionad that he undornto04 the
instruotionn. n nair bf ntir ,hnnnn wnrn pn nele m" theo t%0%r% --.I

microohono was poeltiono,1 on tho tablo olooe to hic mouths 'rho miorophonn
rnnd nar phomn non oQ onnectod to a moifiatd taro .rooordor), which wan wirad
oiu t4nat, tne worcis npokeon by the nabjloot into tho microphone roturnod tvirough
thnC oa- Ploneci cftur a dolay of approxb~natoly *2 vocondes The typical afroot
(.j this "Idol.ayod fodbak on nnivo nubjnot Is to dirtipt thoir apooch
r.0ticuably. It, whoe used in tho pro-sont study to produce a mild omotional
or stross situntion.,

While tho nblot wain ro'. rixnrf boforr, th.i sial to bugin roading d"loud,
a onc. ninute recterrd of his rest leval ronponlson was inrde. t~itl
follow.4ntl thief, the~ ubViact wrtft askd to bogin roadinig. 'rho oubjoot road
for ono mlnuto and a rocord was inado of'his rapponses duing this reading
Porlod. Meu fcted-baoic equipmont was thati ramovod and apparatus was connected
for rnasurtnrr tho following Additioinal resonsas: thoracic broathing by
meanms of a mchnical-alootric pnoiunogrmoh, and ;oxth and noso breathing by
moa;j'nG 01 a tho-IM100CUT)"e.

The sabjoet was next infoirmed that the experimantor was going to leave
the moom and that 'he woutdn communicato with tho subjcoct by means of the loud
sroakocr and maioroiohono which wore loontcdt or. J.-1 ;_il i'ron't of thu t able.
Tho subject was told that ho would. be A.,k~ad n naoj3Ies of qutfens *Ahic. U0%

la tl- an.swyor aloud. 1No0ct of the quevtiontJ, tho subject was told1 would have
to do tA0Vx1 IAt ooit. Anva was6 inatructerl to tel). the truth in answoriniz al
or the questions except those qtostlons that had to do vdith the partl.-Iilar

Stat h1. hd tiru x; ho was told to lie about the coins ho had ramoved.
Tin 'wis rtom~nded t.hat he vlou.1d bo perlmittead to keep the coina that he had
talcon if th oxporimonter was =nable to discovor from his quostioninf7 Vhich
co0,1Ms 149ACA3 ba In t.i~munt Alftr te6 Mrimrontor was cortain that the instruc-.
tions were iundcrwatood ho loft -the -subjootfs chamber,

1" tuj. bourV a o;neiut dolay the recordor was taurnod on and a Series
W. - vm 1n1A- I- at Of a1 %

qae-L-1o, ver mnuuo hdquetins wore t rateY6-akj i oia nufe

pret14V%^o LU-4. _li ine whi h y
prossue, on ha ar was boqftning to .horease, 1he firSt foi~r question3

i-mre 'nmutrall qcuoati.ons - vie neoxt oi~h 'qxxootions imile cone mnad Wth the
coinst ind thO lAat :two -qimotions =4 c-uwed to Droduco a -mild stroas 0,iTWO-
tion. The qaostions that woro asked- woxio:

4,, Ara yovw -toeortable?

;FAT.- - ~,



r. Did you take tho n:tokols?
6. Did you take thc fifty cont Dioco?
7. Arc 5bo quartors still undor the box?
8. Did you take the dimo?
9. Are the nickels still under the box?

10. Are the dihut still 'nder the box?
11. Did you talcs the ounrtnrn?
12. Is tho fifty ont p'iae still under the box?
13. Do you fool an oloctrio nhooic on your loft had?
14. Don It movu your lof t hand I Wo seem to hict n lad oonne-,,t-on w.d wo

dou't wnnt "rou to it't shookod l

... ....... 1. a .u .110v quuinn i ho rooorc or was turnod off and
tho subjeot wnv rotnvod from theo pAratu. Ho wan ronsesrnd about th, 111nak
thr,.Rt vitvition1 and ,qkod not to corm-uniontu with ni1lhne 4nontift h
about tho oxporimontnl proonreux'.

Tho subj',.ct in thoi uxuo'rimcnt i.oro 29 undergraduato man and womon)
"- -.:_,: s- v: : pruviouo.ly in psychological exporl.monte. Tho proCo-

drei of tofIs Mrtlwor4.4.,F Intontiontilly n miost identical with Proooduro 6.
TIM stu4 y di,,. rud fron Proooduro 6 in tho following respects:

1. No responses were recorded until after the reading vith
fond-back.

2. Questions #13 and 14 which were ocncerned with the shock. war-
OP1T'Ut.,

3. The following addition.al questions were askmd, tripling the
number of questions concerned with coins in order to inornaso
reliability.

13. Did you take the dimnes?
i4. Are the quarters still under .h .
15. Are the nickels still under the box?
16. Did you take the fifty cent piece?
17& Did you ta.,Vc the quarters?
18, Is the fifty cent piece still under the box?
19. Did you take the nickels?
20t Are the dimes still under the box?
21. Did you take the ouarters?
22o Are the nickels still under the box?
23 Did you take the dimes?
2h. Are the quarters still under the box?

!. l.4, he -fty cent piece atill under the box?

26. Are the dimes stil. under the box?
27. Did you take the fiftv aent niece?
28.e D-,d you take the nickels?

A rest period was introduced between questions #16 and 17 which
l.asted approximately five minutes# The pressure -,Uff, was loosened
- T t u , w

a- A AA he do des-irodi



0'"r ARM'RS RiD id'IAZYSIS OF SrIN01,E VARIh-AL*A

(oceduro 6 and 7)

In those exporimonti S~ix rddoordiliq ohnnnolti warn jin~, ri1 .
auxiliary marker for indio atin g imrn a~nd stimu3,tis. A section of the record
In shown in Fig, lo The t:wo uppor linos in thn £ifvgu'o are gtaer.j records
from Lhe r~ght nd loft hiands respreotJioly, R~oth alootrodoup in baohn case
woro placad on the ptilmar aurface of tho hanid. The tihird lino from the top
ii the reoorq1 from the mehaniatl-eleotria nnoumoaranh: the f'ourirth L' th
breath1n rocord takon Prom tho thormoomlplo in .ront ot Bill noca and mouth.
me~ firCth lino in ai rooord of tho orotsauro pulae takon from tha ri ght radial.

'01 u~ for t~hw, mairta'inrjnI of varioun blood prannuro velue A-S
n~cl~inmd boloii. T11he breaksa soon in the Uina areo tho signala -whi.oh Indicato
that tho morcury pump wan boqitrning to apply pronsure * The proosiire rolonno

ov6as annaront, a little more than half way betwoon tho broaka. 1The sixth

lino to a rooord of tho volumo pulso taken from tho left forofingoe

11 wore takan inl Prccu'aurc 6-.

I .and 2. t.S.,. rightd nnd loft hand. Bfr ahsiuu h oo
of nicii. ravistaico shown on tho g~~r lines was moosuired arid caloulated as
doscribod in tho section on gooore recording.

The highest point reached by the g.src lines in point following the
fiiauzu m crvc±utjud inlto uzrn OhAnao ii iiim t116 ItiUfI

level. In most cases It was necossrry to use a non-1linoar calibration table
to mAkeo this con-Torsion. The ohms chonge in each catse was -than converted
into n fraction of tho prior rosistance o .vQ3 in accord with tho reasoning
giv.713r in tLhc Fietilor, On gfs-tre C~oo-dIrlgo

3and hG.S.R. Tmright anid laft Itand. Tbfj timfe Itet-wcn the
ati-Ifillii and the r.s.r* m=ximum was measured in each case. Because one
cannot definitely locate the stimulus when it is an oral. quostion a measure-
mantl, of' latoey was impractical. The time to maximum, being longer, is ls
UlsbtjPrua(d by 11111a tirtaintya

5. Breathing Amplitude, As shown in Fig* 2 both broathing records wo)
dividod into standard pariods for measurement. The first (A-eporiod) covered
two inchq Prior to tha Lqtixmulus, (Two inches equals ten seconds here.)
Thn hqlf inch follo-wing: tho stimulus was not measured, on the ausumption

thatS'sropy mght ahao ' bething thore. The two ineso fuo:uahan this
was marked for ineasuriamant (the r~-------M WereA C3'PIN

merely on the basis of record inspection vihich aggestod that variations
migt b £ondn thlem. Etach of tho two-'.Lch pariods was further dividod

ib-lo halves, dosignatod A, A,2, oto. In each of there the highest point
and the lowest point of tho breathing curve was located and the diffeorence
moasuredt, These measures provided our readings of broAthing amlituda.

nu~b-0 of 0l cycles of thq% breathingt euiro in oach of' the akxove periods.
Smallor fractions wera roundad to thei notrost half,
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6as Boa'thing TimaN, At a, lator timn rnnor an r qnw, ur~ i
diffren fahio, so no to avoid thin approximat4.ori kocordingi to the new

plan moasurements were made of the time oocupied by three breathinig cyelet;orior to the stinulus, Half an inchi aftor thea atimulus vra: omitted and thetimo for each of two groups nI' throo oytleti tharoaftor waa m~aiurad.

a Th-ormial Brc athing S iillaTr poriodo -wcro mart!m.0 off for~ the thermal
breathine racord. Tn thove the maxcimm And minimum noints wore maaaut'od, theedge of the paper being tho roforence lino. Thono monsuromonto were notsubtracted, bujt entorod moparatoly into tho tables.

8. 3,ystuoAo ".rudauras On the prossuro pulae linnih t ir tnw~ bm w
tho onbot of nnJTald orosourn and tho dinappoLu'anoo of the pulse was mnsured.P% Ontermine the_ ;,Ant ot dinappoaranco tai uxtrupolation wan 'nadli from thoprninkn t,C Oil I not tI.M. (dimirichirg jo~"v ' iU tho bao .linot This ticanuro
iv~r talcen to 7rorn'ooaaant mysto)Jic pronvuro. (Whore Vic prosouro ouffsa havebaurt too loo-io:, anpliod to the arm thn i,-'lso would not cconlatoly distxpponr,Soino rnvourls hac, to Iv dinctirdod for thla ruauun; nome could still bo meaes1rodby thL oxtranolat~on doviao,) As the resalting nioasuro was preumablyIV proportional to tho haipht of tho morcurny column: it Wns I(ft withoat 00onl

A ~vorsion. Ono nrosvsire cycle Just boforo the stimulus and tho three iIi
itttJly 'Ivlluwitg wore imuantrod in this manner, It was believed that rclativornuaaurotm.nts oi* the pressure would bo loss subjoct to toohnihnn. n"nb The-Mays tolic mea.nuros aftor each stmulusp vore therefore axprooad as raiioa tothe measuro taken bnforn onch cstimulus,

9. Diastolic Prossuro. The sixc of the pulse on this litio typicallyr
shw.0 4&AQ- Incr-aso just before ita final docroaso. The distP~ncG of this

t-1-0;~ ziaLI wapplied pressure was measurod. According to thereasoning Riven in the section on oaril.ovasoular tochniquos this shoulWiniacdiastolic pren~sureo So far-----a diastolicn waI: taken to corrospondhto each systolic and tho rnnding ! were put into similarrAtio form,

.. Prosmirn Ni sr,; Cmltd fC tho Prossure pulse was moasurnd
a part CA. too Vumrp UyG.Le when no pressvre was being applied., Theamltdos of' three pulses hS2I' an inch prior too the signal break worernuasurod And averagod. Thoso moasurnments wuoe likowlso takon for -one upcyclo nri or to each stimulus -md three cycles theren"Otor.

141. Nlse Rateo Theo pulse rate0 rnnd t puir pulo cycla woreo read
from either thQ prossurc or volumo pulse ropord, whichever was moron onvall-

Inn Tc lirn mc raofo~n A.requnc-cy. Te h w nh .~doqcrib..2d for brcathina moasur,ont ware used. and the numunhc-r ni pls i
each werp counted.

12. 1)us Time,,. Since Operation 10 seemed to give rathor irregularth'11+ +11 vrr-"A -- Usu-udin iciifferontmanner'. Five ju.

macsur-1-1,, il'"Met~urs. Si-milarly tho time occunii'd by each of 3 groupsof 5 illnes aftor tho -timilus was inoaourvd. (On thvsvo rc cords I socond

lt13. Pi"L,, Volume, Fu.r- moavur,,mont oP thQ naplitudo of pulse volumei
Vt11; division into 2-in. blocks w.,s nsfln n'id. Two additional blocks were

also . W31.ir~d Th lck 1IlUowtno tht' C-p,)riod w.%-' do-oignrtcd tho



O-poriod, Thu naxt two inchos woro uvitted ,tnd the follovitir 1.wo th~
I"-poriod, were thun monsurods In Ws4 cano thoro wits a furthor sub-cdivi sion
into "clocks hnli' an inch long, dosignotod Al, 1%2, A3: Ali, Cl,' ctcp Tho
ditforanco botwoon tha higbont point voeiohud by tho pulti lino nnd tho

vii~T trh. r whv tho 1ow4 r.jt varia.lon a~nd monvurtmon±fn -

Van iihlu Moatiromionto I
*1. (111 T-1 t)Tlhlou luvol and %-.aponvc

3. 0,ro111 V ', fla Ott, mooro por tiniilti
i. kr th1r Tim 3 n mwnuro par mlntilutlll1j 7 ,.-thnr Anlifiiin ~ 8 mfoa~uuraa pur siiu
6, Brynthin PRaeur lmoacuron por ot-iiulmn 1
6a. Broittlirig Tindo 3 ini r o pe atP mulu

71. Thorrml ,P'rthig mo asuro a per atinu.usi
13. Syim i V ouuo It2 onoaro pot- ati~mulu

). lyr -. 4 rr- P11o.h~r6 roridim '"o or oac timu1 tded .
11. Pust o uo wo atoimoa r~nt

11.~~~~~~, .lik flan)1 mauu ursiuu

Th'xcbv1& hor-wkfnr th og,thi.ca1 uoin3 for h nim is ndstin h

~~~In Pc r copnn o 6 only r tdofor Pro waur o 6 tudro t wo too Que s or 1, anuutoa

qc~t-ien,:tnd to Quostions 5-4 which woro thcoc clocling with taking money
i. I nn. h.; +.wn shock tro nts 1 and -14.

In Proco~duro 7 Ifowar -06 aurimant s wera mirdc, on tho baois of IhN
r~i~A o'f Prococlnrc 6 0out i Omitted Wore-c -I- two Lr..tirnes. bruath-

'igrato. thcrmobroathi ncg diastolic proessure mnd Dulso rn~tc. Vurther, only
~ q~ion~woro %.iexurod ivhich cor~oerncd dixfi and qurt rs during the

mont- cpioation qerl, el, sh~Qct~ir I m ' -ron-m- vvs imaurod. but rso-rj tt- shc,* thrioats worc, nt-t.
An A~i %,IJ.11 -:tnf rcoduro 65 the o Turposo was to f ind i wat

~ *,vA rr~.~ b M~-, 11 4f, --

ropnfinns -mn4 non-lbi rencti.-noj whon thyworo contqidor. ci onc; 11J.H,

rosponso at -Ill on tho nvorago in a paxlticula- variable. The second
-qnost~ior, wtr who-ther th-or.e wore dfferrncas in thu ruanonsis in size or

U11~t~III UJ1V~L.W ~.onh naturo of thelil -sitiati"Ofl, O1UU4..L ffl 1~h,
IM1 1-1c-lying iituntLin3 Whur'u dif?'r' tpo~ it z, n r, uury to

(1Uci3de which nartic'ilnr morqsureml.-rnts of a varlable watild show thorn mosto

- ng and nron-Tytrn..



.1 it this noint tostsof 0 r i.jnif.Loanca for tic, snvcral variables workx notI aval'abl. The variables were therefore judged according to the size of the
N me~an differanoes and a rion.qatintitative oat-biate of their ccinsistentoy in tbo

sb-vmeann Vrr noparato quo ntionvii A wrn' chotoe herep based on misinter-
Jpvtatij of ad-p ~r would rookilt In it loworod prollib~iAve va3.ut; Vor

W11Lvier cooiAtiori or mr&umiroti wats ahoen whan i t wnn 4ppl-lod +.n VAin
"check" group (Procedure 7), Actually vthon tho datta for Procedure 7 were
nomnuter the inn tronds uvrn fmind to bo abont tho am an thois fo,
Procc-irco 6.

Moarn Trondo

Ion~-V1 ~"' ~ iourai~
noen- ie A rc nn thn w wil orarod togoth e thoughle olahe

Pnosr data wanreo the 0cor at then tin to riginl anvyia nd~yth

rsse sh nvn inci3 ht lie- rosnponso s fror th a th non ft4io. Th

__-rm~ir _.4 co~a ang;OIS fr tt~oohe IOpo--

r- n- corrola ~iretionallrstno radisg for i-ali4 S o i
and no-lie r vicnii wo n avred s agoner tenenc raovribe Similarly±

ruso soso tvo ran the soo beng int io forme)i 3hidnty ~ttw
%Iaeo ,ir thll ytherd rahoghthe cofrrlon is natonorti e

thea. tetinso mout ol ~v h woiformt bnrnling and non-lyingiutin n ortesoo hot
are thow min 1tudo 3eur tho li rsther ihs grate than~ Aor non-le The
mshoktroat wr oto isuo in teda cohnthen rspons is oubd.

grph includo ta frm Alltnon-: Th a m -1 bra!! lit bere and shacI.torctqus
at --I Y* n --
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~Y':the~*' I-1n qA+.inf in in rrra anr inercai io d-it'Wo~'
it.; f'ro;lt33t~ duri.ng tho C..Period (2?"12'" jfter thr, sti-ml-iiin. Ti

hllponsibII to say whother this increaso Is producwd by tho !W-Cesty Fk'r '

to answe~r "yves" or "no,", or whotther it. -la asociaqted only with the question,
11roethinr amf-13.tude to thn ono function in which tho rospontia la the 11o

__ siition was !one than during thnr non-lio iiituntion. Conristento with this
r4t.Pfferovve_ hnwovni-, tho iunnonno tbo tho shook throat. 1i o, owat i h
()TPtOJt( direction. ConutiqultI1yj tho 11v roopontin in botwoon thn non~li
anti shoork t+hropt ronoticinn. '.t bo Vnth thavo are two offecLe
huro: qaot..oht1 In ponora1 tondig to incroauose plio bmoniing with lying
iand rlioclr thront si b'aH nnn ndnp an inhibitory afri.not.. Tho frit tondoricy
Is oi di~nt~fiy rcuw'tlon cninmonly fonuno to n ntimiai~a whl~uh &18o Qnlls lorth

I~fl~?I ~ 111o lr,*t , uUvoh1vd1. (Pomc =Mctin or. flr;athing vt
-ftlriponvrioi) '1W noonel In p(v1rlnp(3 v) bo oom1paroti to tliu ohoQolg oi broathnrg
OR -11hiri nr a d-i 'fio'ult tank -4il it, 'I 1.nteninxr it Cl otid or to thu nhallow

JI IIk 1W that appuara In mirtain linvau , -itAti Two dliffilotu4. noural
11111hfni n-1n. withi rmneto O'otn arn r-I., now'ibly nvuoraU:ing Lhough at5 ~ ~~DO, vnini. oil.) ronifu only I~n~ tter*rlMiy

Onio x''4tmileit thrit toroqitirviliont thnt S v a roplyv wn a major
'Th tnr I n nrod'tcnu t ho 1nornatt-i ton tln mnony quonti n llwno 5 also gave

For discr1:ninatir Ly~ng fromi nc'n-lying thu diffaranco botwoon the C
On $ .n - I 6j4 v .

t1i on. ivuld be, 4d course, that r' smnllor diffororico in the C/A function
unu~ldj~ Inrto bringt. A t~s~.of Vio cliI'eironco hoitwicn liu and non-lie
rospon-, Cor Proceditro 6 (usin(, two rinsponon of 3ach kinud for each S) gives3 it valueof t) 5 *

Though thu di'fvronco for +,he Proodri'o 6 group is small thore was some3 discriml~nation, rind it was dacid,3d to rotain tho moasura for studioc of
combinations, ospecially since bronthiing has 1won a traditiona]. variablo in
I'c-dctoction, Withll suoh gre at variability thoro is, of courso, a sorious

A soon in ia,. oth soparation wals hovor. oomowhat groator in Procedure

vwrinhlr- wnn ithVnosOt discriminativri of nall thoaso ax-y0-inod.

6. Broantl-iag Rato. 7he moan rcsaits for lurcathing rato for Lhe
Proccodurc 6 groun Arc 0hown in Fig. 6. Following tho staiulus tbiero wl's a
raduction in rate of br.ciathing for all three situations, Die mixjm-
ri4 ffor ,rcu. btor, lia -ind nion-lia situations occurs in tho D-porind abont
20-30 soconds after tho stimulus. As tho difforonce appoc'.rcd Small and the
t ,Chniqune of moanciuro;mnt rsthor crude, it wzvs decidod not to uso thlese d-ta

6a. Brcathing Tixmi. Ilie second sort of measuramont of breathing ratu

Fg. 7 shows~tW mean trends. Since thc moasuromant horo is of tin, th*,,

of stimulus slows thre rate of br:.- thina, with l.'4ng producing the groatzr
ffibomaximnt Inthe UirSt pariocd aftor th ntiUmabas,

r_-4tttir i.nitsiiu ii n_ r..--rmulus) thn
t-Irauc is 1,. Thi nvatsuir4-c17 ovi-ntly In"w somo val-ae in d1s0.-rininal'Unr
liri ng1 f co non-lyirg, iles.frtho group of sbJcctq toStod.

lit-ttA.~A- f4P___
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10. rrouuro rU1&~Uo 111. ros-Portsc Gec 1 n MOur -IRU -J .UAt , .
pultho (Fig. 11) vairy -In t-h- snrmo wAYan ino the systolic prussurc rosponsoo

(Fir. U). heyaresrnl). lfr nak throat) medium for non-110e, ru1 groa )t
for lie,, Tharo is howovua', onstdornblo variability, soin of which probnibly
arisoo from~ rcordirg teoohitwioo Tho mocuro was not urno4 in the pattorn
analysis, but waa ino:ludod in othor stiidioo of aeinbinationt" ,, Figi I1 oil~
the d~ifT-kr'nce fl~ Prmandurn 7 war, Thsti thai for' Prooodure 6. W-1ith 4,W tW
quantiA'i cat ',orij howaver , Uio mioauro mil±at havo Oonaidoratfts val.uk and
could qultn possibly roplaco A~io inuro oumbarnono nyatolio meaoure.

11. Pulie Rlate, Tho mptivenmontn of prnlno rato 'by tho £f.rot method
tr 1nd i-TO~'O chinfly nntabio tor thair Irofplaritys Thotigh aomo oonas toncien

± ~ aparcd, t scaorned loiy hoamiinn nf roaulto obtiainod in
Proc-duro h i *nt tho moithod of tiawomont viaw at fault# Therefore all
rc-enda woro romiro iru 1tn tr mnnnur donaribad do vartable 19. beforo fxrther

12# Puloo Tintof Al.thoug~h thle sort of moacuramnt cannot be located
dnefinitely in iMmo it hai tho advantago that no approximation of fractions
of a pulao elyae x a r acuiro'1, It mc-y algo bo an advantago that in avoraging,

ct~rcrnd-Lg ul-2borttt nrc nddnel topettbhor. (Tt nW bn flint raponains in
the vi~~a ysystom aro bost referred to Ito 01%1 tirmo scale.) Fig* 12
shows the nuJlso time ro.9ponsas to the varioun situationn for both groups. In
Vvi_ N.s five~ pusi~oa. afftor the rtlmilnh thor"e may bo an accelnration
foUowad by a very clear slowing of tho pu'lse rate bolow normalb Tis is
ovidontly the sama lkind ofC response described as n feature of I'p I a-x'dio-
vnscular rcsponse in n onrlalr section. The doooleration is greater for
lying thnn non-lyingj and is stiUll grantor for the shock throat situation@
The,~ lost differonco ti-woo tho- ly-Wrt and non-lying responsom (Procedure 6)
is brought out by slabtracting tho first post-sotimulus measuro from the third,

At-tast oi the diffecrenoe between 'Lying and nonr-2.yng forthsfnio
91.Vei, a ViLL1e 0f .3.h 0 19In stbotditri oallwuuosu? co.-1uWJI vat--Vn ' n k~~aa

Nncin(-18- nun !at post-atiniulus moasureo) was usad. In the tpattorn
analysis" tho two wore entered snparatoly, on the grounds that they would be
properly Combinod automatically in that ozaculatlom.s

13. Pulse Vrobumc Amiplitudoe The mean responses for the pulr- volume
a~e sout i Ft' ~ ('~n mcurom n1 ~Tttod%, for the L .oocdurc

group are "i ado in tho mannor a'lready desacribed 6 "Mne plottod for
Proceduro 7 (Frig. !*M) wre riiadw according to the plan describad in the
section on cardiovascular responsos. The height of oach pulse was measurod
and the averago compaud for tho lat puloo, 2nd puJlso, ote. In the statis-
tical nnalysia, howaver, the sameo typo of measure was ulsed for Procodure 7
as L"or roactv(1i1Pr I. Tha response to all of our stimuli. is one of diminished
P-Als os1 0 aoer4n to the L.%yQ i an-is gi*4_Van in tho socatton on crivsua
variables this sirniftoo a va~ocontriction. a part of the Typo T reaction
there duseribeti. Thu 'Worsebgins a fow %=04nd afne the n aA P -,,ce

~ 4 + en'M~zt~i1 n bouit. 1011 after the stimulus. Recovery Is~ Glowv
buing Incomplatoeoven 30"1 aftar the stimulus. All situations produce noar ly,
though not quite, the samo amou~t ofacws nte us i h reason
may be that a maxi um vauouonutrietion L is Vtheuri -c~s.v prduce by wiese

stimliGo that, Lt a c Cursi -jrl al "&en v~ceeo bbtween stimulus
effeta show up more in tho recovory period* Shook threat responses iro
sloist to recovor, rion-lio rospanas art) most rapid, and lie rosponsoc

period (12 .5" to 22-511 aftor th.e atiivilus), the moan of thiv poriori wrin ftakon
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tint prin~c.APa. IX-1amUMJ futur witudias, To adjust for -initial levoI
tVhe dii'Thronc batwoon thc A and 1) mean ~wan~ uqud for mcmti niirp0-0,. Tn tit.
"lpat+,rn aniCLysisil tho two moans worv untorad ouparatoly, hotrovor, For
Prooodur'j 6 tho io-non-lio di!'iUrunoo In tho A-Dfl unction has a t-.valiu of

It scorns probaiblop from Inapootjion of bho raordti that n good doal of
tho .,-irn1 lity of' this ftiotion to produced by unoqut~i pru-stinulus condi.-
ti.ons, Quito ofton the' atimultin wac dolivrod whon tho pulao A7,5 wits
rtlroadl,, dimlnirvhode Smwiraro It had not rfoonJcrod frnm tho oonstriotion
if tho pz'nvious 04mtultis, In m~any inrltvldunao furthar, thoroe tir many

~~ ~~~itvtwt vur, imiuh liku the r~oponoo o~ thle inton-
X tionni stimuli.. Thtu oxperirnntor would probably do woll to wait for'

teoovary Wore adrniniotorinfp thii tjnxtL nUm'iluo Thin jplroautior. i- otpo.-
r'itiiy tmptirtant in n variableo whiah Vinn a "coiling" tno rOtlily rrniahnti-

Ane may conndar tll variablos tog~other in attompt to onatnict a
n'4oture ef the physinolricAl ohmina~o producoci by our dtimui. Tho following
rita tomntts f'umirizo tho offecto for our "PiO

1. AILl stimi1i produce a ohango in till tho variablon atudied (axcepting,
rPOE,6AtiLly the shoak throat-broathinS roaponso combination';.

2.* All (.mcar) ntimul-ir; of rootri on oach physiological var~iable arc in
tho snm dirtioiun.

In +~ ta cardiovr Lar s-,y-l the _nponlno JU: 01 thMe -or- ma~ have
callod Typo I rosponoo involving nrti.heral vasoconstriction, cardiac
doecoleration (possibly precedod by a sight acceleration) and inereasod
systolic, diasto.tc and pulso prossuras. The brraithing, writh the e~ception

nri nd -- AAA--1fi-Ur, parhaLps buiw x~aLL y reason ol:
exag-cratod paugos bnfnorn inspiration. The pzcL ar sweating moeltnim is

great,)r rosponse than either 3.1ing or non-lying responses to the monely
quostioes This ,Pould probably ba truo of the g~s~re also wM-ra it not. that
adaptation he.1 weakened tho response by the timn shock threats wore "4 -in,
Tn breathing rosponsoo tho ordor in ravarsod! shoolc throa!t ~r duc n 1.4

Qnd ao4o th grA tet A han q In +Ah three blood pressure vcaridbles
-4inck threat izroducon vory Utiu-3 rasponso,, .4hile lying produces the gp'ratast.
(Soo bolow for Drobablo absonce of adantation.) Tmeopt for the blood
prs;lre m~n~aiircs) tharogo a, tho lie rosponne may be expected to be inter-
MorjIrt.n 4-k-te c~~~ ~~ok hov~

%S 11 Lt d1 LAW~li Wx-Cj-l -A + '

prossitro h:-zro disregarded) * In broathing emplitudo lyingl and shook threat
inhibit the response producod by a quest-,on.

Table~ I SiIQWrs somathing of' tho disc riminativc power (lie vso; non-lic)
of thc' various moasurce takton sinr;ly. h Dsrmnto ai"i h

.urn differ. n-o squared dividud b y Vih3 SeD. tl no di±*rcP.',os by si~bjocts.
This ratio is thce onc- which p,-.tt.rri L fle.ysis ninxlm~zos for co-mbina.nT~s. of

ros'urou. It is uao: iTi therxoforr. in comparing conrbtrod wi-ti >inglw vartiables.
ri~.. ~ -" ~ %' iin ~n~~ n' t.~ yim j~4i~islo4'. *41.

S U 5IJ~7 1 L'~.~1~ :L - - h -- -jrari ci tti - - -.

tA.--'-- -



TABLE I

n-sannn4NATI0N (ItT1J VLI NoW~tTV-) SHO(W BY VARIOUS tI~1 jtl1YLjeS2

1~~On df' 6tl~ Doo+n ai

G.ll T. 77 t93 70 s0!57

Tirno

OSR TT 43

l3ronthing 5701 717 .40

Brorathifl 68
Rato

Pro rithing 63 .3.1 68 137

Tirno

Systolc.

Pru 9so 61k 05 62

ulo68 .23 64~

Vol.ume 66 002 55002

tA



l~cncr&-iudif"orencc has %ho saine sin tts tho avoiago difftoranco: *in
other worda ticao also show the +tendoncJlo doscribod abarve as tvmical

Iliq parcentages of detection are iovor t~hai those found in the moro
succo,",sful of experiments of othar nvontpitorajs and loi.er than those
found Inour owan a-ai- excper-imonts (on the gsst fth exarnrlo)t 14H)

~bz~L~ -val al-oui fluo howeverp lue t~in to apply to these maburpa An
geri-Al, An already auggoatod It Id probabla that thn oituation iised i~n thib
nu-ticu1vr eporiat is a rather poor onio for olioiting tho lyi rodponseis
The purpoe of thin axpar'Ltont in norvott quito woll of coilroo ny &hese rathor
114 nz oti01tnans, 4inaa they allow roon for iltprovomcrnt by oosibinationap ix
suo~ impzrovoniont In pooaiblo4

Tn Prnoodura 61 Cha1.lt 11 fromn tho loft hand In Olonirty tho boat single
vnri ablh, -nd it ia ono of tho boot in Pronoduiro "it Among tho other variables
whos. study viau purmuod tharo In )ittlto to ohoocio on tho batila of Porcont

A n 6, Switu notabla.obcangas in tho rQX&utivo valueii oo'ur
In Procudurn 7. Tho major reason for thona ixi dioonod bolow.

SocrLil Position Effooto

11' tMh~row er serial. rjoition offoots they nvst be taklrn into account
in valing comn niaona 4Lxtwcon roaponiuaa in trbig to discriminato between
1i.ovi an,' non-lios. Should quostiono oarly in a eorian produoo larger

-:Pr,3 - L31or --xmolo p a lio or non-lia ro zponse onIng In th'at pa t of the
ssries would havuc to bo discounted before it ould be coinmarnc ith one in
the latur part of the series.

Accordingly the data wore examinod for serial position offects. The
moan r.,sponsa to each quostion was plotted Ror - c variable for sini

~'~.4 i CLUQro 6). To avoid averaging lio-and-non-lia-rosponsos the S's
womre dividod into two grouDS: those, who took dimes, cnd those whio took
quiarters.

F ig, . ) showt- tho rasult for the g~s.r.'s in Procedure 6. it is
lpiiudiato.Iy apparont that thore is a groat deal. of aimnilarity in the two
aots of responses for each g.s.rs channel (and betwoen channels as well).
The samo variations, rnorc pronouned, if anything, appear in the time measures
fnr thn gP~nr4 (p.ot graphod). Thora aoonia to be a basic pattern of altornatue
laxga rad s=a: tepnss

nThore wore, it will. bo romdmborad, two forms~ of question usod. and it
igiht bo supposed that difforoftcos %,i thair effpts contributes to the
sorial pattern. 11owevor.- OOMarin4! r pno-nnos %.L&A% t c wfIMPfl
differonce. The moan response to tho ohio kind of question in .1230 and to
tha-! 01t0hCr .1c36, O~iously his -factor is of no-cainequovco !:x th) prosent
data* (In general, however! 'tbro mnight bo a -small diffornna in t-ha ffc
ot-io two forms of question*, In our oxpariment questions beginning "Arai

the o cam- . on the aveirzgo- a little 1;tr in the Sno r t11-0.h4'
fvirecs mnav have -beon sllghtly woakocnod by that fact.)- __

9or% informatlon cn tho offoot ot tbo coin denomination mtiorndma'iI
11M-Z1in thw - sr data frora Procedura 7e; Horo the ioeii position is abot

the suln- fnr e to -- f quoston~"and CU 0

I.$ii - 4
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roo-recttroly .207 and .161. for O.S. i Iand 20.' and .19C for 04S.Ro IT.
The 100 and 250 quentions, both iflvolving lies on the TIart of' iome 31s,

9 averaged 6.2p% and .227 for~ G.S*Hs I, and o200 anid .223. For' thiu gru) aL
leas1~t, Ue questions involving 50 prodaco comiewhat loss response th.an tlhoseI irt'olving 5b while 100 fWf ?Vi qpnti have abov~t equal offocto. Some of
the syMaseriatio variation wtith 001r4A oottlon may, thoreore be referr'i to

dit'ronce ill sfAtniuJl'u n nIoat of Itio ilonomrinatio~no micint ozi-kd

"Tn t1, u roc'edure 6 gier data thoro la a wiggoation oX' a dooreau 3111
responac size nvs the voiot' jpro~orufGoa Mori comploto 1u~orination le avail.

V~-11 - is. In~1.1 -

tA .Lu: I r. i A, uicj hui- j 7 Olitas oiuoe oaoh quiist10uh do.pu&avud ol "u J.11 Uach th 1rv.L
(A the lidt, and oaoh t61v rd containod an aquuil numbor of Vao ft* t 15~.) in a
plot ot' Vic moan rosponno for' onol third o'f tho liot. tEt in ovidont, that
Lhoro io u tutnduicy tin rospornn to d inioli au tho soriori goov on. This
11, of' aouraoc a ouoimon finditu(S in goso 'works.

Tn cortain othar mcanvri theta in a aiggstion of the nanio pooJltioia2
or qt'.-%tion-cnntnnt offeat an neon in the C.onpre Vii,,6A.3 chows the momi
tr~n for foiw important variabl.oo unod in omnina tudicis. In

bratinanmituclo nnd volijno' pulmtn uinpitindo, quetions 7 and Upi for
u.xq!nP'kLL. 1X--vor a min.n raponno whiah 'Lanka lm a JJio r. sponao whutho' tLhoy

~rca n~r~~witLh l.yig or note, Systolio prosisuro and pulse time Boom not
to be affactod in thip mannor. IVor the majority of' _Ur vezriablop, then,
4horc are rosponaes such that on questlons 7 and 11 1ying effects will be
zn.porimroscd on roaAions which would bo largo in any case, while ror
qjusiona - and 10 Vhey v111. be suporimpe'ied on ronponson which arc otherwise
small (compared to 7 mid L , .)

Considerin those Pacts on- musit obsoro certain procautions in copaing
hio and non-li.o rosnonseo (1) Tho wearing out of the response must be

iwd f'or, ?2) Lie and non-lie question.- =:;t be tho crunoj or of aqual
stimulatina rnluo. For those roasona, in otir Dri.no~nal aaye fd
only 10A puid 2,,A questiono utere cons idcred, thzro bcing sono l~ies and sonto
non-Tics in rospnrnso to each. In Procoduro 6 the imean sorial position of
th, 10T questions was the same as that of. the 250 questions. tn Proccduro 7

t~hoo w~ a ~oran p- -.1hy nogli giblo, of ono position. This technique
V70)al neutralize pooition ;,nd contont4 effeocts to a aroat extont.

ME1fn~t. nf Ronnt-Ation nf' Questiona

Table I shows no consistent inmrovomant between tho discrimination
found in Procedure 6 and that found in Procedure 7. This Is surPrlising
U cas on,. Would oxpect that tho incronsed reliability providod by rcpC~nt ir~
LtnL uim.-A-Inn woula Ihprovo the discr ijnntion. ToQ-~io this matter

cont..ning n' ccsinlato cycic of money quostions. Lie rainus non-lie scores
woro co-mputod for each variable for tho fir1 soegmont and from i rsrt two
s..gmo~nts for coimnrison with the scom' from all thruo * Ta-ble 1I: shows the
purcentagos of discrinination for those co-tibinations. Tho only -variablos

aro systolic inossmuro -and 1.rcatW~n- nxmplitudo.
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TABLE11 I

Pi MIL CRIT DETEC'I'ION BY 1, 2e AnD 3 OyruLss OF Cr-ln

1. CYolo CYG:L0 3Cyo~iiCS I 73, 70 72
l3rorithitne Aimp3itudo 68 6t4 77

w yuto1io R~tto 1T512 76 7
PS1 mT1in(464 641.

Volumno Pultdo 611 77 5
(For thoe otroctri of ropmtitiori on comn natioria of nioacuron floo the fo13.oWing

FW part oPr thin routions)

"toe rolative oonstncy ot those dotoction. parcontan o eniiiir to thalt
fou~nd In thrn oxi)or!1'kory 8tuclitj of' tho r.4' opor'tod in a provioun aaction.
Eachk "0ycle"l of tho pronorit MxudY, ofl oouri3O included P. lia ronponao0 anid
nrcyvidodl tbo oorparion data for 2 non-llo rouponsoa4 Tho onnalimion from
tho oarlier rg.c.r. Iltadiou wna hVM more than 2 prerootatne of? ortoal
qtiorttona in a outting doon not i~nibrovo doeotJlon,

In accordance ith anpling thoory ona woifld,, of oouVruo, nxpgot an'Ii buijuovumruft i01 Una rellability or' ttliiwooi no tno iimbero on which they aro
based incroaso. go doubtlops have an inerviacod roliabi.:lity, Wt it is
rallability of' thu wrong tnoasure for tho purpose A, hand, Thie exp:lanation
is, no doubt, that with adaptation of' rotsponnoo tho difterenco buoon lie
rusponses and non-lio rnspennvn is~ wookenod. (14th completo adaptation, of'
aoirsa, it would be zero.) lJsvidonico of: this weakening to~ vitoibla in the
plo-ts of? tho 14 - " o.4x- ~-s IfL ~tr~p eo Piodv7
(Fig. .17 - 22)e In brconthirnq and blood prosoure variables, ropotition of'
Lh-3 qUUF-tieris increAsup ',te ' one botwomn TI.he lik atnd rion-lie rorsponsos8a
in the other. measures the dififercrnce d~iiihos to the%, vnish-ng poit.
Thuro Is thoroi'ore nothing to b~o gallnor bZf going ovor tho qw;--tinris viro thntic f-- thesc measures, A combination :.O -lirst mesrs on somo qvarialeS

Iandi lat-'r moavares on othera MOM Ae n iodicriminativo
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TU4M FROW13U1 OF 0OVUIINLJ VAIUXL81
I1T, REi IMArONS 1FAE1!M LOJOttATOfY AND MI'TLD MMETc'ION

cp~rii~t~in vhich doectption iti to bo atid3.d tilust havo tWil b"--4#%
r'ituationnj an oxporimntal rituation in which deception ic known to oootu'
rind a control aituation in iwhiah no decoption ooautin VArioun independent
vu'xiablan (rnoton'iittX iiidlantor'a or Iooopt-lon) may bo cdoXinod tnnd nt' lied.t
Tn thin oimental Drojoat a mitnSidrable num'ber of niuoh potential ixidi oa.
torn~ 1nve 'inon conuidor'ods Tn thmo promiot chaptor of the rapo'tp I'o shall
first oonnidr ,1Ao I1n,0, ton of rxporlmontal rosix~to for tho dotaction of
doCootion uidar field oontlitiono

'do begin with a brief ornotdoiration of aoino wao in which indicatorn of
deception maiy bohnvo * Tho Wkmpaloot uaablo roiailt woulId bo the divjoovory of

-1 g. GI4~X -i1i. l~y ivi ~iC~J.U' JniL ator by mttmI.aI oV wIhii theI deot1rnUJLI situn-1

tton culd be diatinrulahad from tho control sitition in avery oxporivmontal
subject without any provion dii~gnosia of tho subjeota. Ibis ntato of: tafairs
does not soum 111caly to occur, 'Xnothar simplo rout wottl1d bo ice " ro10C ry
of a ainglo ,Indicator on tho batnis of which !Coffrent aubjoots mig~ht betray
d'oontirn by roactina in opposito ciroationes In this oce it vould be
D,)asble to diatinguish deception1 aituations grom control. situatlone for any
subjoat provide~d that tho dirction In which tho atibject shouold react was
kcnown from iadw.noe diagnostic informations When Dsuch diagnosis is nlecetsary,
the dasiC~n of suitable diagnostic *ituaticns boopmos an 1MpJOrtLAnt, oxpori-
mental oroblomu.

vevs.Vnat more complox~ roe,-,Its are possible whon twb or more Jndicntors
aro considerud uWu1T"wiucua'wl-*r It 1b, o itho eaae Thoamt tiwo idtor u u-n
bo folmd, otich of wfnich discriminatos tho towo situationa to some Oxtent, but
noithor of uhich is adequate for detoction in itao).f* If' a pair of indica-

&15 laa0- -- J- *,. A- .- Ut " X

whkether tho two indicators considorad togother yield more inf ormation than
oither separately. In ether words. we try to combino the two indicators Into
a sinrtla now indica-or which functions more adoquatoly than either indicator
alone, As with a singloj diretly meamured indicator, a prae-iinary diagposis
moby or may notr be nocousoary for the omployimnt Of a conbined indicator of
this kind If indivi-duAl asub;Jects be(tray deccitiori by Charaoteristia
paiturns which differ for different subjeota, a preliminary diagnosis to

L~r~U!1%3 ui1 ~.V1.LUU.L~fr WUUV11 .L UU LU-L I.LV.LU11iJ. W.L..L LU~ 1IUUV3CO1Wa L to

is oevident that whiat has boon said above for two variables can be extended
to the saiu1aneous consideratioii of more than two1-Q variabiLGSO

rlnall2y, it -may be theSt case the. no single variblo nor combination of
varic~bloo can tv found Yfhich makas it Poaai'.1e to dist-iiuish the two situai-
tions. This noods Yi fur-lnar comment. Beforp proeding to Ax ai.U8Ranota of
oombinins2 indleators we take up-a few general. considerations* In the labora-
tor,,% a %-nowLedgeo of the particular qticstione on iiaiclh lie oocurrad is
avai2.able. 21rn if this knowledgio ir, not u cdj; thq cxpr-imannter doe now
4~A. *r.. .~.~.-_ _ j

laborectory, Us"ltirmT dif-Ter; mark1o dly *ro-. that in the ±i'Ld where any
antnnnr nm.Or, . f.;;z I! - -- * r St ,t *s'Cl -t l

slmp3.c qqetion-mry-.ustion comnai;n -n~in the ldboruto-ry studies are
of nn):; parid rellevance ;' r tho sltuntiion. in the £ialda
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It would be possible to obtain perfetot oaification of lies and trutbL;
in theo laboratory situation by mothotn vhivh tire complotely Inadoequate in
the flUId. This poesibility occuvrs boo~ In field appliationri, compari-
eons between queritionv neither of uhloh avoko a ~lbi Putt bo ina.do. To noni
thi1s noint imore clearly, ivo en$aior somao data from onovit ofrur gearo o~coi
ra~nts, and appond a tow roynorim to olai'y amn oJt the imlioations of therI
tmnport!ant Cfireranat: botween tha two sittionv,

TnA tIo ' wperimcnLi io hane porformod a oqtonoo o12 quoutioni waon tod
and it wac known In advanca that the milljot would lie to norm ubsot ot

cju: ttlos I th nounnooIn tho fiald altuiMAn a coqueoc of quost on:
is askedi nd nn aty r'ivon quention It in nlot known whothor tho bubjiot will
lio rnteh a lie o l quout3.ona tdh a 0t nnoVupro~
of Nrthar dlincunnioltn wo trioludQ hero a portion oi' tho data obtainod Por

liars in o.,poriinantci do soribod in Chapters Xand I~ at1 oto rt
tho iapectod rosuli,i on a~ group) of 40 non-liari; in the earlior ohaptoris the
data havo not bean workedr up in quitn thnform. Frjr our present purposes,
iwm innore whatovor unrllablity inay be presott in the data, assuming that
tho oureiio wo obsnrvo are stablo oxpctod ±'roquarioioa.

EPE3CT73) FRHUBO1S WITH WHIICH 'POSITIVE~ MID NM~ATMV
M)TD'FR~C. TOW ~qtM AVE~RAGE LYING JAMD NOM.'IYING (1.S.Rio

DEFLBErT:MS FOR 33 LIARS AM h~o NON-LARS

-S +
Liaro (Obsorwed) 2 31

Non-liars (Hypothetical) 20 20

From Table I ve sea that a simple classiication rule 'With the diviLding
point at zero would givo a fary aood la.ictonof the ldurup Only
two errors would be made in 33 cases. 1hit on, tho no-4r thef !;- 4=r
diflurent; nalf of those would bo miscl~aseifieo Thus, out of~ the 73 casees
presented im Tabq IL 22 Lrooo .a~n wudrs~~Tiimi

utua i~ati on orm'or on nons-1lI.- avacold be Cut down by d J htO~i~a
some positive valuez instoad of zoro, It is readily seen that the selection
of a largo negative value as the roint of dichotomy wo-ald yiold on
fiaai~ion.- of. zCll. non-liara ai the, Gelection of a large positive value 'would
result in tho mnisclassification of all liars. An the point of' dichotomy was
moved from a ?.Urgo negative to a large pooitivc valuwaj an qltinaura todrtion
couild usualy bi 1'oind which would rcuJt in oithar IA -Inallar numiber or a
symaller proportion of total misclas-ifications than any othar point. (It
should be noted that, if' ono kind of' classification error is considered more
scr'iou.- thai1 the othear, dEf'OZr-nt migAht s could be assigned to the two types
arlu an P oin~t wo-;uld be fouid' Vhich minimized tie Waighted sum of the
errorso) For a simr-lo clAsifMtoAtiorn pr"ocedur'e of' thip Und. skmh 01. ~t.i M,1
-c,int wzoul_ Lw yv b, desirable but, evon at the ontims0l nolnt- then numbor
or clasitf'catiinn o'ror& might bt- intolorablvr larjo. We e.01? oonsde-r hall
Une numboxr co' thuse orror-, an y-a~i:-oIlky clipil-rishodo



Toe raoibitat3 +,he dizsounnion, wo introduceoo da-b ckd on 26 llar.o feoif
the on ivacular procedtiro torelthrr with aomon hyizpthatioal data on 40 non-

I ~ ).!ars4 Again~, me fine th, o4Wr f jn dtAn inorely for purposes
of expor~lviort (In the hypothatioal portion of' Tablo Il it Is asu~ed that

imloatione will be indicatod below*) Wo GOO froin Table 11 tht, if olassi-
ficationo aro tianad on a ntimplo dico1Itolty about zoro approximately I/ o
the liart And 1/2 of tho non-liarn =414Lc be Ineorrootly olaotuiriod on the4basis ol' honxt--ratti The corroaponding firoa gox' blood pronauro aro 5/13
arid 1/2 ravneootivoly, Noithor aolt~ion to veryr offci1ant with thia
crude dichotoniy. Sppooo wn noir baxtno our olcisoifioation on both variabloo
In tho -Pollowinjw vay Stbjoota owhibitng roiootiv blood preauuro diffor-
anc0a1 And norgntivu' hoavt rato difforonoon aro non-llidros1 Shubjooiwa with
thao~ signs rcvnod ne 1aroo S ubjoota for! whomn both signs are in tho saoo
direction aru o].avori~ri an undctorninod -wmoea informatiion. is necannary
beoo tbhny onn bu. doflnitolvy Glas Lf'ied, With this prooduro only 1/26 ot
tho liars and 1/)4 of the non iaro avaI Iaftnitoly minolanaiftod, so a oonsid-~
ierablo gain rosmlt' from thr =3e of tiio two varic',.ibe. IP tho variar~blea wore
negatively corr Thatvd there wo',ld still be a gnin bwt tor the noA.ian it
WoUld not bo so largeo an in the unciorralatod case,, Aeooipanying thio gain,
of couroc, thare io a~ losel the claosigication of alightly over half' the
mibjacts is undo torm-,4nr~d. The aituatton 'with respact -to unolasi-rild subjoots
can be, improved by rlpontIng tho operations. Liars shoul. stay Ini tho
'%yIng ocitogory"l moro consistently than non-liarat Thn remarks made about.13 optinm points with the single var'iable~i~ Teble I apply again to the

13doublu-variabla clasoiff ig.tjon of Tnbl~ *I:
iU Wo sco, from~ thin oxam,,loy tho~ gains in claessif.4.cation that rosult from

I - n~-n ovorsinnllf ication which f aciliae dWeWrApt.. of tho rbom u
which does not revoal the full power o4L nattern IA4naylys; The statisticanl
mo+thods ol- 1 ff-nfA1XVi-it Ut-ol oiWn used to find t~tl pa-'trn-s of vari-o
ablos which host differentiate liars from non-lars and to provide optimumm

nn"nfni tho cliaiibications. With those more rofined techniques tho
problomn of und~otermixiod oases Is uy - -mnn! ! awt! vcM in txia selOrIoin
of dibhotonsization carriod out cibovo. * ineo the comptational techniques
aro laborious and tino-consuming, discriminant analysas haveo boon Mado only

on ri dta ron ortt--15Q.o0.) irmnts i-rolving mocio action
potentials with auggestive, but not ycit conclusive, results, Th&metod

A.~U ---. J- - 3 l.. .-. . . . . . .- .AIUL----
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III T~fMIX~ TI

FR!Ut(PI!S OF~ POITIVE A1ItJ NERGTIVE 81I(MN FOR)~ THlE
T -NON-LTY1110 IDTFIOSU~)fTOW IN IISART HATE AND

PILOOD P1MOR In FORt 26 MTAIIS AN4I 110 NON4JITAU

BlOO( pnura + 10

innm, (obsirod) 3.16

17 26
Ho m-t~ rato

~- +

Blood prossuro +-FIO 1 20

Non-liars (hyothetical) 10 30 20

20 20 4
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TunS PuOMM~ OF COMBINwmO VARIABLES~t
n**X1. MULTS M.~ 1M10OC1UNME 6 Al1) 71

V.o oonsidnr data in whioh a valuo for onoh of in. ind-latorsl has been
obtainod rcix naeb mombor of' a no~t oZ n individuala* It may bo tho imaso that,I n~ ~An~1cvarlablo providori com dnairod o:'auvifioation of tho
individiinln1 sonm uoibination or tho vaxiables will \do so# Tharo are many
weygi in whioh bho vaialnba oLUb ho ombinade V'or tho dotootion of' deception
we~ wisah to aivf~ a givon individital In a spooifio W.tuation 413 r9thor aIliar or a rn-iarp 14hon indioatorn arc to bo oomblnodp it would bo deal-r-

P.oto find thait combination whvtol midmlov tbio numboi~ or' arrova of' olasst-
ri ontloi. tlnfortiinatoly thin cannot oasilT ba dono 1in an~y diroot manneor,

fL Atll vponioibln way, of comibining indicatorr' and all poC.Aiblo aritaria
for a "g~ood comrbiriatiolU aroc onaidorod it can ba ohown that in come Cases

vcry~ diffioult to aohiova. B 1y roatrictinrg our con.-Idaration to lAnc,-,
combinations of tho indicators wo oan neloot a oriterion for a "boot oornbi-tI nniodlfor which the mathematical Folution can easily bo foundt WiJhnovor
tho statiatieal distributions of the Ind" .idual indicatorsi bohn'vo in n
rutwLonably ducent. ta~vnor the solution which Un obtained con bo oxpbetod to

come roaonaoly closo to iniini tho oxpectod nW* -,,, of mialsIioatione.

The Problem of combining indicators aa we have poscad - .n if-ntorpritiigIour data is olos,.ly related to a correponding r.c*blem posod by the txono-
Aist mid solva'd by insanie of discrimintnt. Pati-u,'.n. The 603:ation is givnI by Hoel (2), A s:imilti' solution for the deception datar Is given in a yrmtho-'
matcal appendix following this soctioA% To illustrato tho Moanting oil, this

An xmo

4 The Wmtation to bo daseribod hero parallols the situation in our
dcontion '1a+.n- We ininn thnt _ h~vn helnd tvten nmitnn nf Qgnch of
znroo subje~cts and that each subject lies to the fivnt question and answers
the second question truthfully. It is ex~pected that lying chou~ld ho repro.
~OUntod2 qy- an Indrosad Vralue of 'both lindirca+ora) but ibhe toalt
harm~ony with this anticipation. Wo let X3. be tho incoaco in tho Iir 6tr
Indicator Xrom the flon-lyiaig to the lying situation and X2 the corrooponding

on tho thiree subjects& Prom Figs- I wep note tha following foatures. The
avorago iancrease in each indicator is + unit-, sholing somne discriminative

power in the individual indicators,* Each of two subjoots- oxhdibits arl
inecnoaro on one indiclator and~ , d!3creas^ +r: +har -& M+ m, tiht bnnis
of sign alone, ti-e-s two stib~acts aro casozo'idtriat l~~atr
Thu thirtd subjurt lxhibits an increaso on both ind46cat a. We ack to
Combine the two indicatorg into a sigi-nCo valblo z ivh_'reo~vev thio
indotarmlinacy, considi-v -sv only line~ c ;;1atrn V& V14 o0

(i.) z & XL 2
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Thir "btyit. (!lnhninatAnn't in rtA-,nn hv i-lnlin It-iihcng r~if WA r.3(A ~ l T I

riqtiaon (1^) nf' th1 tAp ordix, tak~ing 0 equtili to onc, we havn the two nqua-
tions to bo .,cO1vqd foil

C

Utffuin aqiintlron (5) of' thri appondix nd the data of Via n2.oant extomnpla, we

(3 .2(3 () + i6-9

Wit~h thif,, -Uesc (2) boOOMOS:

491- 252 9

-25A1+ 1L?XeN:

Equations (11) can be solved directly by subrjtvtion for Al and A?.# Tile
soltion i-s A1 MXk2  9 If' we had taken lo as 22/9) we -shoue1 havo,

nbtaind 2

(5) ;L = , 1 and tbie solution is more convoniont to use. The
fact. that i jc can qalke an ar'bltrnarv nholoe of the~ tnnsitnnt n raflnts ine-reir

wI~W~£~~4V~.Ly 1~c1I.VU Vt;)W NoU L1tIUULj.UJ 1V4UUY WU 1114VA V U~LtLO

fication.

in view of (1) and (5), we talco as our criterion variable

F'or our threo subjects, the valuee of z calculated by ieana of' (6) are 4+2,

I~ *, 4 i" 1V'Hnce the ratio of- the mean square-a to the v;ariance
2p



'It shoiid hc not-ci +.hat thei'o ;'V13 ot-~her sots of woifht~ ..- r
Le a; to cnrrect olannifi'cationn in this~ axamp3o, 141,- m"~y, for xp,

For t1.:: 'Ihron nubjouki tvin rihtin val-iofl of 11 51, and 8~ for !zj those are agaiA
all nonvitlvn. Their mriau is andi tholV r arlutmn in 1i+25+64 - (10)2 714

Thein r-lvif, Al' -1,11 "lln oii* ir1 d t, , io v ~, r- a - ,1iA
(14)" / A n 196 :,2 A5 PrOM thO rualor VA1110 o thin rwlo wo slintic1

n. npr't aS shownr A dins..dmiti~oii uiin~ (7) (%ti w~n oinulri crht,#lj!1 i1iing (A)"
To nuA-t 1thc Miattop anothor wny) tho computationnX tochniquo cavlcvopocl in the
11wpouidU and1 unfid In ohtainintr (6) achiovo-. a ohm,,I dij.orlml.nation baoauo
tt lxindri at (-n(, Umo to ai cot kif ruohlavoJy homogooo mwitturoo who.on mnan

'In mary ftrtwnr polift out ortain difforoncon betwoon tho field aituation
nnd Lhn lal-or!ntnry oxoerinints. In tho (! tan dip islotled bolow auj Uall a in
the aimpln ficampli .oo ~Wn bovo, it in knlown th:at both lying and truthtolling
ticurrad, Tn t1.ho fiolei sitimtion th~a rozjtriotion on the problom is not

Pr'~~'~!valtuo of' z ottuined Ar,= twr1 ;~iIt~'Qvieticen" wu.d ""

likoly to be pcojitlvot~i nd nngativo lindri' tho inflitance of' chanco offects.

Co-Nination of Variables for Lie Detection

Thn 'Coll2owirg indJicator's from ProcedUre gavo evidence indt-uidia2.y of
dinCriminativa power: The two ineasiuros of gz~., yotollc prossure, pu1lso
prest~rer, voltiu-~ pulse amplitudca, pultso rat vo , a0 nd pu3loD M -.o T 'hcn r
ti.dicatnrs arc) dofinod more prociue3.y in a previous Section of' thin report,

In the prosont section,, results of the stud~y of their predictivo power
in combi r-ltion will) lxe renortod,

~~ '.%,Fai. v d at, i Fiouuduro 6j qUOVTiJon* rO.latwio to the
denominations of' money taken by the subjocts (ricklcen. dimn.s q rtars; half-
dc'1iars) wcor- a rod ndar th. zeonditicns or the oxporimant Oaqch roubjact
lied to a cortain sibset of the questiotis. Becauso of the prosonco of
spcquontial uifucts in~ thu records only subjocts who lied an thj quostioria
involving diirv~ and quarters were ued in -the combination of' indicators.
There wore )k such subjects from whom adoquate data wero wvailable, P o,
thnse- aulbjoi'tt, the oight indic-ators montionod above wLurU combitnod by tha
mcthods of tho iDrovous setion.-----------------w, -,q
givan in Table 1.

TA!L, T

Indicatcr Woig'Mt

Sjyztol±c -Pr;sz1Le 7
rVI-S 14M 1.

Pulse tS4rrL



The woijghtcd linear attn of' the 1yinp, .non -ying~ diffeonces o'n thsioo

maesiirav au tbey were reatd frotn the rocords wnai tAken as, am n -ir'abr fIr

au a histogram in Pigs 2. 1' 1 n

For the grout) of mxbj1octm run 'In Pxroood~ro 6 7.1% of tho lAotu are
rormvotly olauniind bv moorna of tho oonibincitive indloaitors Ihin fig-are !U~
rathar dinsppo.nt1ng and ono nould do about as wall with one ot tho gE o r,
rairnv alonne.

For tho 'f rnubjeotc run throug~h a rotir,,hly oq",valornt 6poriniontal
routinq In Prcedurci 7 tho woighta obtaiJnLrl from Proooduro 6 woro unpliod
+n flu, in. datn fo~r a chooc. On thin noiw group 811% ot the lion woro
ecorr(ety oJlavo!.ftij a ftguro th'at would voom to biw acocIdentally high Sinne
H- t'hi cuitnativo Indicator did not workI thic woll on tho data from whioh tho
tw'ightva wora dorivod.

Vnr1imln nr-1-inca coinbinntitonn, vo~loutod moQZ' or losa ait haza~rdp imoO
triod. Vhcti y~ildoz-1 -pnreontaes o~f corroat classifioations botwoon 80% and
90 nnrl nhtitld bep iv-Aoprc^ fur4-tt_,GA*

it docs noit seum to the writor that thoso valmon of 80490% corrroot
classiA ientionin of "lars can be much improvod u-4,41, fn~n.'q_ '±d --.-

r-f ounr tp incripn tho reliability off t iridiv~dim! menvurcn * The ques-
tion o.^ miabl. -an reouALIn the fiold altuation whore theo
Dossibih1ity that no lies ai'e told must be dealt with*
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Dloriwration of tho nqiltitlont

1-i' conilor moacureontmib of mn val.bo an n nubiaott avid l.ot j
ropi'cinft thii measure of tho J1.1 variablo ohIninud on thn. 'Qh -ubJoot arid

lo I repronont the mao~n of~ fhu ttlal vardabln ovor tho tg'oun oX aubJactas
For~ otch tmbjoot -mrl smry chdauc m:f JJo obtain a mcamu whioh in a linear

mbinotio of thut- rnunnuroni dirmotJ~y otninod on Vit aiubjlot a~ocordingy to

(1) j~

Tiha iionn valuo of' tho zl ia dj vvn 11Y (2),

nn m,
tol V . i itil I J xl

aI Iful 011

whorico

Ju. V&i- k=1.

Tho varinnoo of the z1 a, is Riven bv W[t

() 2 ~( 2 : iI.(X 4  ]2

n i -

z2. AA (ij - -xi (Xk - Z71
ni

7 I j xil, 7- R:I c ,tho nimeraitor occurring -in the

nrintary forila f'or tho orre1-tion uooff~i-ocnt cif xjrnd ,ck



(6) U Tz Whom V mi r2 amr' pivoin 1 0) and 0.0) nnd solc

, ,,eluoa of A victh Lmci~mi 14 In othor words)j m domiro mn valuas Ar ouc
it

(8) r,2 z p ~ r 1, 2, p~
Lz

'From (3 ,nd th~ I- e se that

m

~Substitution of (9) and (10) into (8) givos (.1)t

(%1 z A, i 0 r 4- Ai Xj i' Ip 12p Tr.O

-U--

Wo next note that Aj7 is independent or r and hence carn be given any
J=:1

cr.is .ant valuhe c in the m equat-Ions oj- (..ue Then ( 13) beooins (12)

Ir

-C j- j rqr= 132

Equ~t~n~(12) are seen in view of (5) tcbe formalThy identical with the

an h opoyd o o,_ fo thet tm vA-, t.
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